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Re: Preliminary Patentability Search re Protein Chip Invention Disclosure by 
Dr. Scott Diamond 

Our File: 010140 

DearFJ.: 

We have completed a preliminary patentability search directed to the protein chip 
disclosure provided to us. This letter reports the search strategy and search results to you. 

Based upon the results of our search, it is our opinion that patent protection is 
available for (1) the deposition of hydrophilic microdots containing peptide or polymer onto a 
nonporous microarray substrate, taken in conjunction with (2) the method of applying the sample 
in misted or aerosolized form. Our opinion is based upon the absence, in the prior art identified 
by our search, of any disclosure or teaching of this combined subject matter. 

Our search was directed to the following technology disclosed to us. Dots or 
microdots of one or more peptide or protein reagents are deposited onto a nonporous chip or 
slide, in which the peptide or protein reagent or reagents are suspended in a hydrophilic polymer 
carrier such as glycerol (or, in some cases, polyethylene glycol or other material). The dots or 
microdots are typically deposited by laser printing and are usually spaced apart in a scannable 
microarray. The sample to be contacted onto the microarray of dots is provided in a misted or 
aerosolized form, so that microaliquots of sample adhere to and penetrate into the microdots and 
migrate away from and/or evaporate from the areas between the microdots. The microdots may 
be used to conduct semi-quantitative chemical reactions visualized by way of chromagens or 
fluorogens in the microdot reactants. In completing the search, we bore in mind the possibility 
that the aerosolization of the sample may be created with ultrasonic energy, or similar energy 
capable of generating "nebulization" of the sample, preferably by means of apparatus which 
exerts ultrasonic energy to the sample without actually touching the sample. It is our 
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understanding that the predominant commercial embodiment for this technology will be used to 
test for a wide variety of enzymes and/or other constituents in a biological specimen. We further 
understand that the misting or aerosolization of the sample gives new and unexpected results in 
that it prevents cross-contamination between the microdots in addition to providing a controlled 
amount of sample for the purpose of realizing semi-quantitative and quantitative reactions in 
many cases. 

Our search was conducted primarily in a number of commercial online databases 
available to us, and copies of the pertinent portions of the online printouts of those searches 
accompany this letter. The printout portions identify the databases which were searched and the 
keyword search statements used. Although a number of search strategies were implemented, all 
Dialog Information System databases were searched with the keyword search, "(microarray? or 
chip? or biochip?) and (protein? or peptid? or substrat?) and enzym? and (aerosol? or mist? or 
fog? or atomiz?) and scan?" in which "?" signifies variability truncation. In addition to the 
commercial databases, we also searched the U.S. Patents database available through the Internet 
home page for the United States Patent and Trademark Office (USPTO) web site. In the 
USPTO web site, we reviewed each of the 171 patents identified by the presence of the terms 
"peptide or protein" and "array or microarray or chip" in the claims of any U.S. patent. Recently 
issued U.S. patents in a number of manual classes and subclasses were reviewed in the search 
room of the United States Patent and Trademark Office in Washington, D.C. 

Several pertinent published articles (copies attached) were identified by our 
search, as summarized in the following list. Each of these articles is summarized briefly below. 

Galvin MacBeath et al., "Printing Proteins as Microarrays for High-Throughput 
Function Determination," Science, vol. 289, pp. 1760-1763, September 8, 2000. 

Gregory C. Adam et al., "Profiling the specific reactivity of the proteome with 
non-directed activity-based probes," Chemistry & Biology , vol. 57, pp. 1-16, 2000. 

Zhu Heng et al., "Protein arrays and microarrays," Current Opinion in Chemical 
Biology, vol. 5, pp. 40-45, 2001. 

A number of pertinent patents were identified by our search, which are identified 
in the list below and are attached herewith. Each of the accompanying pertinent patents is 
summarized briefly below. Additional prior art patents and publications which are not as 
pertinent as those listed above and below appear in the culled online database printouts 
accompanying this letter. 



W" 



I: 



Webb Ziesenheim Loosdon Or kin & Hanson, P.C. 
F. J. Lucchino, Esq. 3 



June 8, 2001 



PATENT NO. 


INVENTOR/S 


DATE ISSUED 


U.S. 4,046,513 


Johnson 


September 6, 1977 


U.S. 5,985,551 


Brennan 


November 16, 1999 


WO 00/04389 


Wagner et al. 


January 27, 2000 


WO 00/04390 


Wagner et al. 


January 27, 2000 


WO 00/54046 


Ge 


September 14, 2000 


U.S. 6,225,061 


Becker et al. 


May 1,2001 



Zhu et al. disclose, in pertinent part, protein arrays confined to microwells or gel 
pads in order to segregate discrete reaction sites for protein reactions, also citing the earlier work 
of others. No misting or aerosolizing of the sample to be contacted onto the discrete reaction loci 
is taught. 

MacBeath et al. disclose protein microarrays in which protein samples may be 
printed, in a glycerol carrier, onto slides, but the slides are first coated with a derivatizing agent, 
such as an aldehyde-containing silane. A quenching agent is overlaid on the slides to quench 
unreacted aldehydes, and other compensating reactions are also taught. MacBeath et al. do not 
suggest adhering droplets of glycerol and protein sample directly to a slide, nor is there any 
suggestion of misting or aerosolizing the sample to enhance sample application without cross- 
contamination. 

Adam et al. represent a more generalized report of proteome reactivity than either 
Zhu et al. or MacBeath et al., and do not disclose glycerol dots of reactant(s) or misted or 
aerosolized sample application. Adam et al. is provided for technological background. 

Published PCT Application WO 00/04389 to Wagner et al. (assigned on its face to 
Zyomyx, Inc.) discloses protein-capture arrays in a variety of configurations focusing on discrete 
patches for the protein-capture agents. The use of microdots or misting/aerosolizing of the 
biological sample is not taught or suggested. 

Published PCT Application WO 00/04390 to Wagner et al. (assigned on its face to 
Zyomyx, Inc.) discloses microfabricated devices having biomolecules immobilized thereon, 
which biomolecules include polypeptides and proteins. The biomolecules are secured to the 
device by immobilization in a microchannel, which is generally fabricated into or onto a 
substrate. 
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Published PCT Application WO 00/54046 to Ge (assigned on its face to the 
National Institutes of Health) discloses what is purported to be a "universal protein array 
system." Protein arrays are disclosed, and emphasis is placed on the need for substrates (other 
than for example nitrocellulose and PVDF) having binding agents at the protein loci and 
blocking agents where protein binding is not desired. Deposition of glycerol/protein dots and 
misting/aerosolizing of the sample to be assayed are not taught or suggested by this published 
patent application. 

U.S. Patent No. 6,225,061 to Becker et al. (assigned on its face to Sequenom, Inc.) 
discloses systems and methods for performing reactions in an unsealed environment. Dispensing 
pipettes deposit a submicroliter amount of a liquid to a target site, and evaporation is monitored 
and compensated for during the reaction. Notwithstanding the teaching regarding monitoring 
evaporation, there is no disclosure or suggestion of misting or aerosolizing a biological sample 
for application to a microarray of glycerol dots of protein or other reactants. 

U.S. Patent No. 5,985,55 1 to Brennan (assigned on its face to Protogene 
Laboratories, Inc.) discloses apparatus and methods for making arrays of functionalized binding 
sites on a support surface. A particular binding method is used to bind chemical reactants by way 
of functionalized binding sites. Brennan does not disclose glycerol microdots or 
misted/aerosolized sample applications. 

U.S. Patent No. 4,046,513 to Johnson (assigned on its face to Miles Laboratories, 
Inc.) entitled "Printed Reagent Test Devices and Method of Making Same" is included as an 
early patent of background interest. Johnson discloses a carrier matrix having discrete areas of 
reactant so that the reactants are maintained substantially separate from one another until the test 
device is wetted with the sample to be tested. Johnson does not disclose protein chips, glycerol 
dots, or the misting or aerosolization of a sample to be applied. 

As we have discussed, it is not possible to search patent applications filed within 
approximately the last 20 months. As a result, it is possible that pertinent prior art which would 
affect the patentability of the above-described disclosure is not available for identification at this 
time. It is also possible, and should be borne in mind, that even the commercial databases used 
to complete this search cannot be counted on for complete integrity, and there is a small, but 
significant, possibility that certain prior art references or patents of interest could not have been 
noted within the databases or physical patent collections we searched. 

CONCLUSION 

In view of the publications and patents identified by our search, and their inability 
to teach the combined creation of discrete microdot arrays and misting or aerosolization of the 
sample for application to the microdot arrays, we conclude that patent protection is available for 
the subject matter described above. We understand that a provisional patent application has 
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already been filed by the University of Pennsylvania, and we look forward to working with you 
to convert the provisional patent application to a U.S. regular utility and/or Patent Cooperation 
Treaty (PCT) patent application, should you confirm that we should proceed. 

We look forward to hearing from you. 

Very truly yours, 




BEJ:mpr 
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PR Newswire, p4379 
Feb 2, 2001 
TEXT: 

WESTBOROUGH, Mass., Feb. 2 /PRNewswire/ 

IBC USA organizes Protein Microarray Technology: From Proteomics 
Discovery to Diagnostics -- Expectations and Limitations. The event will 
be held on March 21-23, 2001 in San Diego, CA. 

Microarray technology allows the simultaneous analysis of thousands 
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ABSTRACT 

The present invention provides methods for distinguishing the fractions of 
polynucleotide sequences which hybridize to any given probe, including 
probes on microarrays such as those described herein. In particular, the 
present invention enables users to identify the fraction of sequences which 
are perfectly : complementary to a probe, thereby correcting for effects of 
cross hybridization in a hybridization assay. The methods of the invention 
work by monitoring the kinetics of dissociation of sequences from the probe 
so zhaz a resulting "dissociation curve" may be compared to a combination 



hybridizes. m alternative embodiments , the invention alco „ -j 



What is claimed is: 
1 . 



to hvbrJdiSion" o1 C ^iS le a ot C S s ribUti ° n ° f ? refe " nce P^-cleotide 
immobilized on a first solid lurtL a / am P le to a test probe that is 
dissociation curve for said nvSrldizaHA com P risin 9 comparing a 

. reference polynucleotide whSin ° t0 * dlSsociati °» Profile for the 

teit 111 ^ 3 "^^^ 12 ^ 1011 ^ P^^otides in the sample to the 
period" wneren a detectable fri^ ° f Said washin 9 "ap., over a ti£ 
dissociates from the test proSe anc I ^ ° f hybridized Polynucleotides 

' (i) ^coniactinfir ilS iS Pr ° Vided by a method ^"prising 
imiobiinef 'on 9 a ec'nf^^ir 1 ^? e0tide /° 3 refe " nCe P~ be th « - 

r "irreL°sr oS l" ^^t^^^; hat aiiow the 

some fraction of Thf ^ " ference probe under conditions such that 

reference proSe, and h y brldlzed Polynucleotides dissociates from the 

refereice^probe^afSf 'eacn^of P ol ^leotide to the 

time period wherein a detectah]ff a a ^ Ural1 ^ f ^ W&Shi ^ Ste P s < °ver a 
from the reference proo^ and aCtl ° n ° f P^^otide dissociates 

Lit C p 0 rS^lLloncrib^% f L r n n :f j^T""^ t0 h ^ d ^on 
dissociation curve. contribution of the dissociation profile to the 

test probe"^ ° f ^ l ' Wh6rein the referenc e P«be is identical to the 
are-the Th s e a:e et p h ro d be° f Claim the tMt P robe and ^ "ference probe 

va!ue "of "nlbieltiv^iunctioTof * ai V™P« in 9 ««*ri... minimizing the 
curve and the ffiSiSiS^Su! dlffe ™*e between the dissociation 

squared "^diSLSS 'ofJS^iS* fUnCti ° n iS an abso1 ^ 

profile. - al "erence of the dissociation curve and the dissociation 

gulntlcy. meth ° d ° f Claim " ^ ° bj6Ctive function is ■ chi -squared 

detecta T Jly Sled. 0 ' Clalm Wherein the ^^ence polynucleotide is 

label. mSth0d ° f Claim 9 < Wherein the detectable label isa fluorescent 

5e ^as Sd^Y!' the fluoresc ^t label is fluorescein, 

-i-e, wexas red, or a derivative thereof. 



12. The method of claim 10, wherein the fluorescent label is FAM, JOE, 
ROX, HEX, TET, IRD40, IRD41, a cyanine dye, a BODIPY dye, or an ALEXA dye. 



13. The method of claim 12, wherein the cyanine dye is selected from the 
group consisting of Cy3 , Cy3.5, and Cy5 . 

14. The method of claim 12, wherein the BODIPY dye is selected from the 
group consisting of BODIPY-FL, BODIPY-TR, BODIPY-TMR, BODIPY-630/650 , and 
BODIPY-650/670. 

15. The method of claim 12, wherein the ALEXA dye is selected from the 
group consisting of ALEXA-488, ALEXA- 532 , ALEXA- 54 6 , ALEXA-568, and 
ALEXA-594 . 

16. The method of claim 9, wherein the detectable label is a radioactive 
isotope . 

17. The method of claim 16, wherein the radioactive isotope is selected 
from the group consisting of sup 32 P, sup 35 S, sup 14 C, and sup 125 I. 

18. The method of claim 9, wherein the detectable label is an electron 
rich molecule. 

19. The method of claim 18, wherein the electron rich molecule is 
selected from the group consisting of ferritin, hemocyanin, and colloidal 
.gold . 

20. The method of claim 9, wherein the detectable label comprises a first 
chemical group specifically complexed to the reference polynucleotide, 

wherein said first chemical group is detected by contacting the first 
chemical group with a second chemical group; and 
wherein said second chemical group: 

(i) has binding affinity for the first chemical group, and 

(ii) is covalently linked to an indicator molecule. 

21. The method of claim 9, wherein the detectable label is biotin or 
imminobiotin. 

22. The method of claim 1, wherein the reference polynucleotide is a 
naturally occurring nucleic acid. 

23. The method of claim 22, wherein the naturally occurring nucleic acid 
molecules are genomic DNA isolated from cells or an organism. 

24. The method of claim 22, wherein the naturally occurring nucleic acid 
is RNA isolated from cells or an organism. 

25. The" method of claim 1, wherein the reference polynucleotide is RNA 
expressed by a cell or organism, cDNA derived therefrom, or cRNA derived 
from said cDNA. 

26. The method of claim 25, wherein the RNA is messenger RNA. 

27. The method of claim 1, wherein the reference polynucleotide is a 
synthetic nucleic acid. 

28. The method of claim 1, wherein the polynucleotide is cDNA. 

29. The method of claim 1, wherein the reference polynucleotide is a 
polynucleotide synthesized by polymerase chain reaction. 

30. The method of claim 1, wherein the test probe comprises a DNA 
sequence . 

31. The method of claim 30, wherein the DNA sequence of the test probe 
comprises a genomic DNA sequence. 

32. The method of claim 30, wherein the DNA sequence of the test probe 
comprise a cDNA sequence. 



.sequence"" meth0d ° f claim L wherein the test probe comprises an RNA 

comprised ^^V^^L^^ of the test probe 

35. The method of claim 1 whpre^ f-v,~ *. 
DNA analogues. ' wherein the test probe comprises a sequence of 

RNfana^s^ ° ? ^ where - the test probe comprises a sequence of 

solid ^^li^cih^iS/ 1 "' solid surface and the »«* 

• soL 8 d ^^^T^^^ firSt S ° lid — - -con d 
soL'd Sf^e^lachl^^sf^lL? 6 SOlid s ^ce and the second 

^"^t^^l^^ -face and the second 

soUdSrf™ -olid surface and the second 

probes.^ meth ° d ° f Claim herein, the test probe is part of an array of 

43. The method of claim 42, wherein the array of probes is a microarray 
co-iemL^Lel th^sVof 

complementarrtolt Jeastlol of'thf^ 1 " ^ S^" ° f Che ---array are 
least 50% of the genes m the genome of an organism. 

complementary e t o1t iLt^ of 5 ^^ ^ Pr ° b6S ° f the "-roarray are 
Y o least 75% of the genes in the genome of an organism. 

complementarylc^t JeastlsJ oFu^™ 1 " ^ ° f '"-'array are 

y o ac least 85% of the genes m the genome of an organism. 

complementa^lt le'ast 1 ;;* of'thfar 111 f° beS ° f thS -=-array are 
least 90% of the genes m the genome of an organism. 

complementarrtolt ?L? M? oi'uZV* ■** l"**" ° f thS mi — *V are 
y least 99% of the genes m the genome of an organism. 

comprised SJSclStiS'S "^T™ SaCh * robe of the microarray 

51. The me thoa of cL "^50" 2 betWeen 2 ° bases and 50 , 000 bases . " 
comprises a polynuc^oti^^L JSSJTSo C£ £ 

-I'ateftbanl; a&*~iS ?~ * ■ 

s.ngie'^Sd'oL^Lo^del^lo^o "» —rray comprise 

sM^^^ of the.croarray comprise 



57. The method of claim 43, wherein the probes of the microarray comprise 
Sequence-Tagged Sites. 

58. The method of claim 1, wherein the step of contacting the reference 
polynucleotide to the reference probe is carried out by a method comprising 
contacting a reference sample to the reference probe, 

said reference sample comprising molecules of a plurality of different 
polynucleotides , 

said plurality of different polynucleotides comprising the reference 
polynucleotide , and 
each of said different polynucleotides being differentially labeled. 

59. The method of claim 3, wherein: 

polynucleotides in the sample contacted to the test probe are labeled with 
a first label, and 

the reference polynucleotide contacted to the reference probe is labeled 
with a second label, said second label being distinguishable from the first 
label. 

60. A method for determining a contribution of a reference polynucleotide 
to hybridization of polynucleotides in a sample to a test probe that is 
immobilized, on a solid surface, said method comprising comparing a 
dissociation curve for said hybridization to a dissociation profile for the 
reference polynucleotide, in which: 

the dissociation curve is provided by a method comprising 

(a) contacting a sample to the test probe under conditions that allow 
polynucleotides in the sample to hybridize to the test probe; 

(b) repeatedly washing the test probe under conditions such that some 
fraction of the hybridized polynucleotides dissociates from the test probe; 
and " 

(c) measuring hybridization of the polynucleotides in the sample to the 
test probe "after each of a plurality of said washing steps, over a time 
period wherein a detectable fraction of hybridized polynucleotides 
dissociates from the test probe; 

wherein the dissociation profile is provided from a theoretical prediction 
of a dissociation time, t sub diss, of the reference polynucleotide from a 
reference probe provided by: [See equation in original document] 9## 

wherein R is the ideal gas constant, T is the temperature in degrees 
Kelvin, DELTA G is the binding energy, and alpha and beta are fitting 
parameters that are fit to experimental data; and 

wherein the contribution of the polynucleotide to molecules hybridized to 
the test probe is the contribution of the dissociation profile to the 
dissociation curve. 

61. The method of claim 60, wherein the dissociation profile is an 
exponential decay function. 

62. The method of claim 1 or 60, wherein the reference polynucleotide 
hybridizes to the test probe with no base mismatches. 

63 . A method for determining the contribution of each of a plurality of 
polynucleotides to hybridization of polynucleotides in a sample to a test 
probe that is immobilized on a first solid surface, said method comprising 
comparing a dissociation curve for said hybridization to a dissociation 
profile for each of the plurality of polynucleotides, in which: 

• (a) the dissociation curve is provided by a method comprising 

(i) contacting a sample to the test probe under conditions that allow 
polynucleotides in the sample to hybridize to the test probe; 

(ii) repeatedly washing the test probe under conditions such that some 
fraction of the hybridized polynucleotides dissociates from the test probe; 
and 

(iii) measuring hybridization of polynucleotides in the sample to the 
zest probe after each of a plurality of said washing steps, over a time 
period wherein a detectable fraction of hybridized polynucleotides 
dissociates from the test probe, and 

(b) the dissociation profile for each of the plurality of polynucleotides 
is provided by a method comprising 

ii' 1 ' contacting each of the plurality of polynucleotides to a reference 



ref^renc^e; ^ ° f P°Weotides to hybridize to the 

^'frSS^J t^hybrSizef S oT e P f° be UndSr COnditions s -h that 
reference probe; and hybridl2ed Polynucleotides dissociates from the 

(iii) measuring hybridization of each of eh* „i , • 
to the reference probe after eaS of I 2? P urallt y of Polynucleotides 
over a time period wherein a 5e"c?a?lVf£^- "V* Said Washin 9 ste P s < 
of polynucleotides dissociate: f rom'the'ref ItlnlT^T " ** 

to^iSza^ molecules 
Profile for each of the g - 

~oc^^ the plurality of 

PoSnucle^derj^^cteltpa^Lly^jhe rSrence * 
PoW^ -* of the plurality of 

^ UC1 ^ of 

poSnucLSef to" ^j^ 0 J h L»K lta f l0,, .S f ^ ° f * plurality of 
probe that is immobilized on a s cle ° tldes in a s ^le to a test 

comparing a dissociation cur^e for LlH h"? -S-' meth ° d Rising 

dissociates from the test probe and hybridized polynucleotides 

ii b, prSld£ M S: tl r S2£i£ pred^ti ^ ° f P^^tides 

diss, for each of the E ? of t °? ° f 3 dlss ociation time, t sub 
Provided by: [see ^i£^^°5^& " 9 ^ 

Kelvin" Sail G he is ±d t;i Mndinf Stant ' T *! the tem P^ature in degrees 
Parameters that as fit iT^e^Ttl^ ^ ^ " d beta ™ fi " in 9 

dissociation profile for 1 \ h ?" the contri hution of the 

dissociation curve. the P lurailt y °f polynucleotides to the 

for 9 -each he of^hV^urality' Tlt^T^ ^ 

function.' Plurality of polynucleotides is an exponential, decay 

70. The method of claim 63 or fis h 
minimizing the value of an ohwV ,■„.%,!«. , herein said comparing comprises 
dissociation curve . and^th" SJSSi^SSJlS . ^ ^ 

square oTthTdlrfelenctt: function is an absolute 
dissociation profiles dissociation curve and a combination of the 

-:. _ The method of claim 71 wherein the combination of :he dissociation 



profiles is a summation of the one or more dissociation profiles. 



73. The method of claim 
-squared quantity. 



70 wherein the objective function is a chi 



74. The method of claim 25 wherein the reference polynucleotide is cRNA. 

75. The method of claim 1, wherein said first solid surface and said 
second solid surface are the same solid surface. 
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The present invention rpiai- fl « . . 
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What is claimed is: 

in a sample comprising: ^creased levels of a polynucleotide sequence, 

a) treating a sample with a toxin; 
t J). obtaining a polynucleotide sequence from the sample treated with the 

coibuS^po^ With an comprising a 

1f2&2 lb™ ^^^^^^i 1 - 61 — nditiLs 

hybridization complexes formed by SEQ ?D S? 1 ^, ' *• , COmpared with the 
sequence from an untreated LI ^ I l ' 61 Wlth a Polynucleotide 

response to the toxin - then P ' Native of a toxicological 

step (d) wherein an increase or Secr^J'^ i? T ith the level detected ^ 
-indicates a t^eologioS^pSj^S Sesct^""^ in Step <*> 

co^sSg "Sft-I&fc S^Mc^s? ~* 

metabontes meth ° d ° f Claim Wherein the ^oxin is acetominophen or its 

toxicoIogic^rtpolelXes a^ast'aV^ tTT" ^ ^ 

the hybridization conolexa. k ! ' I ld Chan ^ in the amount of 

with at least one of tL ^ween t he polynucleotide of the array 

compared with POl^i? m^ 1 ?^^^^ sample, whel 

toxicoIogical th rLon S e Cl ir / the tSSt COmp0Und which the 

response res P°nse is a compound not known to induce a toxicological 

consiscTng'ol"^ ^ ^'"l-xr^^ulo'^ 36 ^"^ ^ ^ 

36-39, 41, 42, 45-50, 52, £ s 6 , ' 60 " ' andlS '. *' ^ " ' ^ 

Probe, A thrme?nod°compriLng e POl ^ UCleotide <* cl.i. 6 as a polynucleotide 

affi V— a 2 - P ° lynucleotlde car9et ■ 

-ch forms 1 - om P lex C wiS e c he ^et 
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ABSTRACT 

The present invention relateq >n a '«*.. 

polynucleotide targets The ILlLt P ° S1 ? n com P^sing a plurality of 

elements in a microarray T ^ USed aS h ^ id ^le array 

for screening compounds* ^tEISJtS^ 0 ? * 1>0 relat6S t0 methods 
- responses. " therapeutic treatments, for toxicological 

What is claimed is: 

associater'Sch ^ea^^r^creaSlSj^f '"T °V ^ C °^ d 
in a. sample comprising: «creased levels of a polynucleotide sequence 

a) treating a sample with a toxin- 
toxin;"'" 111119 9 ^-^tide -guence from the sample treated with the 

comi 5 inatL a n t o t 9 po^^nucL 0 oML1 e comn^ ^ With " ™* comprising a 
effective to for. E °2 hySd £3o?L2if ' ^ Under C ° nditions 

c^^^ ~ absence or 

response to the toxin; then mdicettve of , toxicological 

& rss%2. t?e f Mrss/rs^ vr 1 * 

inoictee , e-Oc^FSlSJ'S'S <« , 

cn.'o-P cSsSt^ ^» ^ t,!n" Ple , iS * <™» 

a iiver, Kidney, brain, spleen, pancreas and lung. 

consisting ^t^lk^V^ ^ iS S6leCted *™ the group 

n-alkylcarboxylic acK ^ Jf^ V . f -alkylcarboxylic acid S P 

D4 antagonists, herbiciSeS nest i , ? 3 ^ f " ngal com P ou nds, leukotriene 
dehydroepiandro^eronr suifacf fl!;, Phthalate SSterS ' P 11 ^ 1 aceta te, 
corresponding metabolites. aCld ' meth anol and their 

toicoSicS^^L. 6 }^; ^^ivr? comp r d which elicits the 

the hybridization complexes formL h!^, ^ °^ ° hange in the amount °* 
with at least one e S polynucleotide of the array 

compared with pol^i?.^^,,^^^ sample, when 

toxicoSgicar h re%onse Cl ii m .'cSSS ?" Which elicits the 

response. P 3 com P ound not known to induce a toxicological 



An 



, iS °ri at tL ™* ?" rified P^nucleotide selected 



consisting of SEQ id NOs-4-6 8 in , ,„ „ selected from the group 
41-47, 49, and 51 ' 8 " 10 ' 18_20 ' 23 / 25 ' 27-30.32, 33, 36-39, 

met 7 hod A comprising 0f USin9 3 P ol ^leotide as a polynucleotide probe, the 

whichl:^ 1 ; 9 ^./^^/. beatifying*, polynucleotide taroet 

-..e -o-yr.uc.ecrice or claim 6. " ' 



8. The method of claim 7 wherein the polynucleotide target is selected 
from the group consisting of mRNA, cDNA, genomic DNA, peptide nucleic 
acids, and branched DNA. 
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ABSTRACT 



A technique is described for identifying mutations, if any, present in a 
biological sample, from a" pre-selected set of known mutations. The method 
can be applied to DNA, RNA and peptide nucleic acid (PNA) microarrays . 
The method analyzes a dot spectrogram representative of quantized 
hybridization activity, of oligonucleotides in the sample to identify the 
mutations. In accordance with the method, a resonance pattern is generated 
which is representative of nonlinear resonances between a stimulus pattern 
associated '-•-* i t h the set of known mutations and the dot soe: trograrr. . The 



resonance pattern is interpreted to a vipIh * r 
' comparing resonances found therein w 1 L f ° f c ° nflrmed stations by 
for the selected set of mutation] ^determined resonances expected 

pattern is generated by iKmiveJv ^ tu^' the res ^ance 

performing 1 convergent reveroeration ^ eSSln ?, ^ d0t s P ectro 9™n by 
representative of resonances between \ V* 1 * * resonanc e Pattern 
Quantum Expressor Functions and tll *^ P redetermlned set of selected 
degree of convergence s acSeved ^tween"^^ Wtil * P redet ^mined 
resonance pattern and resonances exceed ? th ^ resonanc " found in the 
resonance pattern is analyzed to a ? ^ S "° f nations. The 

mapping the confirmed mutat?™. 1/ t ° f confl ™ed mutations by 

prelected set of ^L^utatio s iSfy^Sm"^* 4 - ^ ^ 

mut'ations'irlny^preJent'in^ vY^? ° f 3 bi ° Chi P to ^ify 

said method coSsLTS steps o?^ 1 " 1 ^ t0 the bi ° Chi P- 

tessellating the output pattern; 

generating a stimulus pattern associated with the set of known ™- 

expected for the selected set of mutations Predetermined resonances 

biochip^mi^Sa/'havi 1 ^ I tSSiST ^'ff ^ern is derived from a 
substantially identical iJ^hf? I ," lls each havin 9 a set of 
oligonucleotides or each I oligonucleotides with the 

oligonucleotides of every oLr cell 1,19 SUbstantiall y -ique from the 

.orpholog'ical SJLtSSgTi 2. ^^SaT^Sr " ^ 

1 IlaraLtSf^s 3 ? "f^ "pr^enSive of the 

limit,- and lChln 3 P redet e™ined allowable generator function 

spectra\%ro P ert^ — to further match ' 

deter Jnld "S^ppTjiJ 1 ^" Palm^T- h f^* ° f ampUtUde wanderi »9 " 
estimating stoch^i^Ldering dlstributl0n t0 d ^elop generators for 

tessenated^outpu^ patted 'iTl^ll^ S ^ ° f transforming the 
transitive random fiela StimUlUS pattern t0 a metrically 

tesselL h ted met o h u1 P u°t f W^lSE " tep ° f ren °™ U ^ the 

transitive raS field lowing transformation to the metrically 



to rescale the tessellated output pattern to the interval. 

11. The method of claim l wherein the step of generating a stimulus 
pattern associated with the set of known mutations comprises the steps of: 

selecting a sub-set of the mutations for analysis; and 

selecting a sub-set of nonlinear Quantum Expressor Functions from a set of 

predetermined nonlinear Quantum Expressor Functions based upon the selected 
sub-set of mutations. 

12. The method of claim 11 further including the steps of: 
transforming the nonlinear Quantum Expressor Functions and the tessellated 

output pattern into phase space. 

13. The method of claim 1 wherein the step of generating a resonance 
pattern includes the step of 

iteratively processing the output pattern by performing a convergent 
reverberation to yield a resonance pattern representative of resonances 
- between a predetermined set of selected Quantum Expressor Functions and the 
tessellated output pattern until a predetermined degree of convergence is 
achieved between the resonances found in the resonance pattern and 
resonances expected for the set of mutations. 

14. The method of claim 13 wherein the step of iteratively processing the 
output pattern by performing a convergent reverberation includes the step 
of performing a convergent reverberant dynamics resonance analysis of the 
tessellated output pattern using the resonance stimulus pattern to identify 
mutations represented by the tessellated output pattern. 

15. The method of claim 14 wherein the step of performing a convergent 
reverberent dynamics resonance analysis includes the steps of: 

a) determining resonance dynamics relaxation values based upon the 
preconditioned output pattern and the resonance stimulus; 

b) filtering the dynamics relaxation values using ensemble boundary and 
CSR filters to yield a second set of values; 

c) applying bulk property estimators to the dynamics relaxation values to 
yield a third set of values; 

d) evaluating the second and third sets of values to determine a degree of 
resonance convergence; and 

e) determining from the degree of resonance convergence whether a 
paralysis of dynamics has occurred and, if so, repeating steps a) -e) . 

16. The method of claim 15 wherein said step of determining resonance 
dynamics relaxation values based upon the preconditioned output pattern and 
the resonance stimulus comprises the steps of 

applying a convolutionless evolution operator to the tessellated output 
pattern. 

17. The method of claim 15 wherein said step of applying bulk property 
estimators to the dynamics relaxation values to yield a third set of values 
comprises the steps of 

applying a coupling operator to which couples the dynamics relaxation 
values representative of the tessellated output pattern to a nonlinear 
information filter. 

18. The method of claim 15 wherein said step of evaluating the second and 
third sets of values to determine a degree of resonance convergence 
comprises the steps of 

determining whether the third set of values oscillate beyond and 
predetermined threshold after a predetermined period of time and, if not, 
convergence has been achieved. 

19. The method of claim 18 wherein if no convergence has been achieved, 
performing the additional step of increasing a timescale for determining 
convergence beyond the predetermined period of time and, if convergence is 
still not achieved, then generating a signal indicating that none of the 
mutations of the mutation set are present in the sample. 

20. The method of claim 15 wherein said step of determining whether a 
paralysis of dynamics as occurred comprises the steps of evaluating a 

ndbs 1 z rendition and.. if r he Lindbald condi-ion has not been achieved 



generating a signal indicating that paralysis of dynamics has occurred. 

21. The method of claim 20 wherein, if a paralysis of dynamics has 
deat^S Perf0rmin 9 ?• additional steps of determiningwhether a "mutation 
cono?Hon S ?„? a time scale for realization of the LindSS 
SmicrreSatfonaiuL. the ^ " 

22. The method of claim 13 wherein the step of iteratively processina the 
output pattern by performing a convergent reverberation also Sudes lit 
step of. performing a convergent reverberant dynamics resonance anSysis of 
the mutations using the resonance stimulus pattern to identify diagnostic 
conditions represented by the mutation. aiagnostic 

reverberant ^nLf Clalm - 2 the Step of P^^ming a convergent 

rflonl V T " resonance analysis of the mutations using the 

th f T tte ^ t0 identify gnostic conditions represented by 
the mutations includes the steps of: y 

a) determining resonance dynamics relaxation values based upon the 
resonance stimulus and the mutations; P 

rVv fni^ ri ? 9 th L dynamics relaxation values using ensemble boundary and 
CSR filters to yield a second set of values; 

v?ii/^ in ?, bU J k P r °Pf rt y estimators to the dynamics relaxation values to 
yield a third set of values; 

n JL a r alUaC i n 3 the second and thi ^d sets of values to determine whether a 
predetermined degree of resonance convergence has been achieved; and 
e) if no convergence, repeat steps a) -e) . 

24. The method of claim l further including the step of 
filtering the diagnostic conditions identified by the convergent 
reverberant dynamics resonance analysis based upon clustering properties. 

- ThS meth0d of . claim 1 herein the biological sample is selected 

(PNA) and 9 t^L^H nS1 T n9 ° f f-f*' ^ P rotein < P^de -nucleic acid 
(PNA) and targeted nucleic amplification (TNA) samples. 

dilLnJ^r T th ° d ° f u Claim 1 further including the step of renderings 
diagnostic decision based on the diagnotic conditions identified by the 
convergent reverberant dynamics resonance analysis. 

27. The method of claim 26 wherein 
if said diagnostic decision is negative, then determining whether any 
alternatives are available; and y 

riL^ni^?"^ 65 available < selecting a new sub-set of mutations and 
repeating ail steps. 

mJIL A meth ° d f ? r P recondici oning an output pattern of a biochip, said 
method comprising the steps of: 

nrL 0 ^ teSSel i atin9 , tixe ° utput P a "ern to match characteristics of a 
predetermined stimulus pattern yielding a tessellated output pattern- 
o extracting local parametrics from the tessellated output pattern- 

c) determining whether a degree of amplitude wandering representative of 

JmUf™*?- P arame t rlcs is «ithin a predetermined allowable generator 
runction limit; and 

d) if not, renormalizing the tessellated output pattern to further match 
spectral properties of the stimulus pattern and repeat the steps b) -d) . 

analvsit "of^ J" performin 9 a convergent reverberant dynamics resonance 

thereby said LrJoH^ ° UtPUt pattern to ident ify -nutations represented 
tnereDy, said. method comprising the steps of: 

a) determining, resonance dynamics relaxation values based uDon the 
preconditioned output pattern and the resonance stimulus,- P 

csi JlterTto yield a^ond sel^tLi; 11165 USin9 M * and 

yieldTSrl se U t lk o? r v°Ku r er; eStimat0rS C ° ^ -lues to 

-id.^"ii n 5 M S! S ! COnd and third secs of values to determine whether a 
.-ea^.r-nea degree of resonance convergence has been achieved; and 

-e_e-,..-:.-g wnetner a paralysis of dynamics has occurred and, if so, 



repeat steps a) -e) . 

30. A system for analyzing an output pattern of a biochip to identify 
mutations, if any, present in a biological sample applied to the biochip, 
said system comprising: 

a tesselation unit operative to tessellate the output pattern; 

a stimulus pattern generation unit operative to generate a stimulus 
pattern associated with the set of known mutations; 

a resonance pattern generation unit operative to generate a resonance 
pattern representative of resonances between the stimulus pattern and the 
tessellated output pattern; 

a resonance pattern interpretation unit operative to interpret the 
resonance pattern to yield a set of confirmed mutations by comparing 
resonances found therein with predetermined resonances expected for the 
selected set of mutations. 

31. A system for performing a convergent reverberant dynamics resonance 
analysis of a biochip output pattern to identify mutations represented 
thereby, said system comprising: 

a determination unit operative to determine resonance dynamics relaxation 
values based upon the preconditioned output pattern and the resonance 
stimulus; 

a fitler operative to filter the dynamics relaxation values using ensemble 
boundary and CSR filters to yield a second set of values; 

a estimator unit operative to apply . bulk property estimators to the 
dynamics relaxation values to yield a third set of .values; 

an evaluation unit operative to evaluate the second and third sets of 
values to determine whether a predetermined degree of resonance convergence 
has been achieved; and 

a paralysis detection unit operative to detect whether a paralysis of 
dynamics has occurred. 
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ABSTRACT 

The method analyzes a Hnr <^II?! nucieic acid < PNA ) nu-croarrays . 
hybridization activitv nf «?■ spe?tro 9 ram representative of quantized 
mutations m accordance liti tS?^??**' ^ S3mple t0 ide ^ if y th * 
which is representative of S„f?! ° d ' * resonance P a «em is generated 
associated with the set resonances between a stimulus pattern 

resonance pattern S in"n»L5 IT mUtat , 10ns and the ^ spectrogram. The 

comparing 'resonances fS cSreL with lliltt'* 'T^™* mi0nS » 
for the selected set- n f 1 ? r predetermined resonances expected 

pattern i ^ generaced I TtlrtrV ?" * particular e * am P^< the resonance 

performing a convergent reveSr^Ln'T 683 ^ d0t spectr °9ram by 

representative of resonance^ betw^n V* 1 * * resonan « Pattern 

Quantum Expressor Functions anS^L/ pr f dete ™d • set of selected 

degree of convergence is achtv^H d ° t , spectro ? ram ™til a predetermined 

resonance pattern and resonant! beCwe f £ the resonances found in the 

set i at si £i ° ?~ ~ 

What is claimed is ' S ° me CaSSS ' ne 9 ativ e signal to noise ratios. 

mut 1 atiLs m \ C f°a d ny f0 p r r esent y in n a ^"T ° f 3 bi ° Chip t0 identif y 

said method comprisSg Se steps o? 9 " SamPle aPPUed t0 the bio ^ip/ 

pattern; and asso =^ted with a set of known mutations and the output 

by^Srino ^lo™ 50 ™™* t0 yield a set of confirmed mutations 

ex^ecLTto^^^^^rmutaUonl. With P " dete ™ d —nances 

bioch lp T ^aving° d a ^luraHtv' ' "J*™ 1 ?, ^ ° UtpUt pattern is Graved from a ' 
^ ; ,.: p .,. aving a ,., P i ur ! u ilc >' ° r cells each having a set of immobilized 

"''!.- oll 9° nucleoi: ides of each cell being different 



3. The method of claim 1 wherein the step>of generating a resonance 
pattern includes the step of 

iteratively processing the output pattern by performing a convergent 
reverberation to yield a resonance pattern representative of resonances 
between a predetermined set of selected Quantum Expressor Functions and the 
output pattern until a predetermined degree of convergence is achieved 
between the resonances found in the resonance pattern and resonances 
expected for the set of mutations. 

4. The method of claim 2 further including the steps of: 
selecting a sub-set of the mutations for analysis; 

generating preconditioner transforms based upon the selected sub-set of 
mutations by inverse Dirichlet tessellation on the biochip structure; and 

selecting a sub-set of nonlinear Quantum Expressor Functions from a set of 
predetermined nonlinear Quantum Expressor Functions based upon the selected 
sub-set of mutations. 

5. The method of claim l further including the step of modifying the 
output pattern to generate a modified output pattern by performing one or 
more of the steps of: 

refocusing the output pattern to yield a re-focused output patterns- 
cross -correlating the re-focussed output patterns- 
applying a local' maxima filter to the correlated re-focussed output 

pattern to yield a maximized output pattern; 
re-scaling the maximized output pattern to yield a uniformly re-scaled 

output pattern; and 
re-scaling the uniformly re-scaled output pattern to amplify local 

boundaries therein to yielding a globally re-scaled output pattern. 

6. The method of claim 5 wherein the step of re-scaling the maximized 
output pattern is performed by applying ah operator to selectively enhance 
those hixels and ensemble boundaries whose intensity exceeds a local 
average by more than a prespecified number of standard deviations. 

7. The method of claim 5 wherein the step of resealing the uniformly 
re-scaled output pattern is performed by applying a logarithmic resealing 
function around zero mean amplitudes within the output pattern to amplify 
local edge boundaries of the output pattern. 

8. The method of claim 1 further including the step of estimating 
amplitude wanderings within the globally re-scaled output pattern. 

9. The method of claim 8 wherein the step of estimating amplitude 
wanderings is performed by applying spectrogram ensemble invariance 
property generators constructed using a Palm distribution. 

10. The method of claim 1 wherein the step of interpreting the resonance 
pattern to a yield a set of confirmed mutations by comparing resonances 
found therein with predetermined resonances expected for the set of 
mutations includes the step of 

mapping the confirmed mutations to known diseases associated with the 
pre-selected set of known mutations to identify diseases, if any, indicated 
by the biological sample. 

11. The method of claim 1 further including the step of performing a 
diagnostic confirmation by taking the identified diseases and solving in 
reverse for the associated Quantum Expressor Functions and then comparing 
those Quantum Expressor Functions with ones expected for the mutations 
associated with the identified disease to verify correspondence and, if no 
correspondence is found, selecting a new sub-set of known mutations and 
repeating all steps. 

" 12. The method' of step 1 further including the initial steps of 
generating the set of nonlinear Quantum Expressor Functions by: 

inputting a set of mutation signatures representative of the pre-selected 
set of known mutations; 

inputting a representation of a biochip oligonucleotide pattern lavout for 



mutation pattern interactions between element "Presentative of 

interactions from a group including ^ ements of the biochip including 
element-to-ensemble interactions enSmb?^^;' 0 " 61 ^^ ^^actions* 
ensemble-to-ensemble interaction^ a ^ Semble - t0 -element interactions, and 

ofre^nan? iSr."^'^^ ° UantUm Ex — Actions from the set 

13 . The method of claim 12 wHp 
nonlinear Quantum Expressor Functions* rrl ^ ° £ 9 enerat ^9 the set of 
power spectral density (PSD, Sl^ude C °™ PriSes sCe Ps of matching a 
corresponding to the pre-selecS mutft^n I C °^ & mutati °* signature, 
Hamiltonian. system so that stochastic anrf 2^ ° f lnterest ' to that of a 
and the time scales coup! K to ntftTTt^ time SCales mat ch, 
asymmetry. pAe DacK t0 noi se statistics and degree of 

14. The method of sten i f„. t u 
generating the set of nonlinear olllr^v lncludln 9 the initial steps of 

calculating values reJresentaM ^ * lessor Functions by: P 
calculating harmoni! S ampnSe lor tlTzJllt^ ? amilt ™ function,- 
generating an order function from the LTiVn tonian / unc tion; 
measuring entrainment st- a h« „r?u " arnl ltonian; function 
modulating o r ' the order function; and 

Quantum Expressor Function ^ USln9 thS entrai ^ent states to yield the 

Hamilton T L e n. meth ° d ° f St6P 14 wh " ei » the Hamiltonian is a Spin-Boson 

function Th inclu e S; d the° f ste C p a of ^Zt^llZ I^graT^ 9 *" «** 
output Sttern'^ ° f ^ 1 Wherein the output pattern is a quantized 
spectrog^m"^ ° f CU1 " 17 " herein ^ ^antized output pattern is a dot 

group citing of ^t?** ****** selected from a 

targeted nuclei! ampliS at ^' (SSf^iSf 1 * " nUCleiC aCid (PNA) and 

if^any' present tn^Tll^l iro^r 1 ^'^ " ldMti * mUtati — 
said method comprising the steps of " Selected set of >™own mutations, 

applying the sample to a biochin f „ „ 
representative of quantized hvbrtnS- 9 ene «te an output pattern 
the sample; ^antrzed hybridization activity of oligonucleotides in 

SratinV prec^i?^ 
mutations; conait ioner transforms based upon the selected sub-set of 

pre e de e t C eim?ne a d S n U onn n ea°r Z^Tl^lTsT ^ a of 

sub-set of mutations- Expressor Functions based upon the selected 

t=;?o^n e r at % TSfffi^put pattST ^ -conditioner 

con^r en V t ly re^rbe e r:So 9 n To JX?" ^ ' * Performing a 
resonances between the selected Jet of ZlT^t Patt6rn ^esentativ? of 
modified output pattern until a lL ^ ^ * Xpr * ssor Functions and the 
achieved between resonances of tL 11 ~n Selected d ^™* °f convergence is 
selected sub-set of mutations • I nT reS ° nanCe pattern an ° mutations of the 

by nt c e o r Sa e rL n g 9 tt Jes'onance's^t'L'rein 0 ^ 3 Mt ° f C ° nfi ™ d "".ticn. 
mutations of the selected set of Mutations" r6S0nances ejected for the 

-PPin? the^lonLrmer ^atTonT ? ° f 

ore-selected set of known 211*1™ t l ° associa ted with the 

■V the biological sample. 8 ldentlf >' leases, if any, indicated 



22. A system for analyzing an output pattern of a biochip to identify 
mutations, if any, present in a biological sample applied to the biochip, 
said system comprising: 

resonance pattern for generating a resonance pattern representative of 
resonances between a stimulus pattern associated with a set of known 
mutations and the output pattern; and 

a resonance pattern interpretation unit for interpreting the resonance 
pattern to yield a set of confirmed mutations by comparing resonances found 
therein with predetermined resonances expected for the selected set of 
mutations. 

23. The system of claim 22 wherein the output pattern is derived from a 
biochip having a plurality of cells each having a set of immobilized 
oligonucleotides with the oligonucleotides of each cell being different 
from the oligonucleotides of every other cell. 

24. The system of claim 22 wherein resonance pattern generator includes a 
resonant interaction unit for iteratively processing the output pattern by 
performing a convergent reverberation to yield a resonance pattern 
representative of re~ ^nances between a predetermined set of selected 
Quantum Expressor Functions and the output pattern until a predetermined 
degree of convergence is achieved between the resonances found in the 
resonance pattern and resonances expected for the set of mutations. 

25. The -system of claim 22 further including an image preconditioning 
unit for performing one or more of the functions of: 

refocusing the output pattern to yield a re-focused output pattern; 
cross -correlating the re-focussed output pattern; 

applying a local maxima filter to the correlated re-focussed output 
pattern to yield a maximized output pattern; 

re-scaling the maximized output pattern to yield a uniformly re-scaled 
output pattern; and 

re-scaling the uniformly re-scaled output pattern to amplify local 
boundaries therein to yield a globally re-scaled output pattern. 

26. The system of claim 22 wherein the resonance pattern interpretation 
unit for mapping the confirmed mutations to known diseases associated with 
the pre-selected set of known mutations to identify diseases, if any, 
indicated by the biological sample. 

27. The system of step 22 further including a Quantum Expressor Function 
generator to: 

input a set of mutation signatures representative of the set of known 
mutations; 

input a representation of a biochip microarray pattern layout for the 
biochip from which the output pattern is generated; 

generate a set .of resonant interaction parameters representative of 
mutation pattern interactions between elements of the biochip including 
interactions from a group including element-to-element interactions, 
element-to-ensemble interactions, ensemble-to-element interactions , and 
ensemble-to-ensemble interactions; and 

generate the set of nonlinear Quantum Expressor Functions from the set of 
resonant interaction patterns. 

28. The system of claim 22 wherein the output pattern is a quantized 
output pattern. 

29. The system of claim 28 wherein the quantized output pattern is a dot 
spectrogram. 

30. The system of claim 28 wherein the biological sample is selected 
from a group consisting of a DNA, RNA, protein , peptide -nucleic acid 

( PNA) and targeted nucleic amplification (TNA) samples. 

31. A system of generating a set of nonlinear Quantum Expressor Functions 
based upon a set of mutation signatures representative of a set of known 
mutations and based upon a biochip microarray pattern, said system 
comprising : 

a rescr.an: interaction caramet er generator for generating a set of 



selected from the group consistina of b , 10chl P eluding interactions 
element-to-ensemble interacting " enseal! S" - t0 ^ lement interactions, 
ensemble-to-ensemble interactioS!; a ^ Semble - to - el ^ent interactions, and 
a quantum expressor functions rulno-r^*-^ * 
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ABSTRACT 



A method and apparatus for forming microarrays of biological samples on 

™2E ^ d " clo f ed - ? e method involves dispensing a known volume of a 
reagent at each selected array position, by tapping a capillary dispenser 

SauS'onto^' Und6 ' '^ nditions effec ^ive to draw a Lfined volume of 
liquid onto the support. The apparatus is designed to produce a microarray 
of such regions in an automated fashion. Y 

It is claimed: 

1. A method of forming a microarray of discrete analyte-assay regions on 
Lwm SU Tf' whe ^ each discrete region in the microarray has a 
select (d, analyte-specif ic reagent, said method comprising 

(a) loading a solution of a selected analyte-specif ic reagent in a 
reagent-dispensing device having an elongate capillary channel adapted to 

r h L ^ anClty 0f .^ he rea 9 ent solution and having a tip region at which 
the channel is open-sided and the solution in the channel forms a meniscus, 

(b) tapping the tip of the dispensing device against a solid support at a 
defined position on the surface, with an impulse effective to break the 
meniscus in the capillary channel and deposit a selected volume of solution 
on the surface, and 

(c) repeating steps (a) and (b) until said microarray is formed. 

2. The method of claim 1, wherein the reagents used to form the discrete 
"^° nS , ' n ^e microarray are distinct nucleic acid strands and wherein 
steps (a) and (b) are repeated until the microarray has about 100 or more 
discrete regions , of distinct nucleic acid strands per cm sup 2 of solid 
support. * • 1U 

3. The method of claim 1, wherein the reagents used to form the discrete 
regions in the microarray are distinct nucleic acid strands and wherein 
steps (a) and (b) are repeated until the microarray has about 1000 or more 
discrete regions of distinct nucleic acid strands per cm sup 2 of solid 
support. v 

4. The method of claim 1, which further includes, after performing steps 
„• J li reloadln 9 the reagent -dispensing device with a new reagent 

solution by the steps of (i) dipping the capillary channel of the device in 
a wash solution, (ii) removing wash solution drawn into the capillary 
channel, and dii) dipping the capillary channel into the new reagent 
solution. 3 
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ABSTRACT 

The invention herein describes a device for fabricating microarrays of 
biochemical substances, consisting of a holder and one or more printing 
pins. The holder contains apertures with regular spacing that define the 
location of one or more printing pins during the printing process. The tip 
of each printing pin contains a sample channel that holds a predetermined 
volume of biological or chemical sample and a point "that is machined to 
precision wiph an electronic discharge machine (EDM). The device can be 
attached to a motion control system for precise and automated movement in 
three dimensions. The flat tips of the pins are immersed in a biochemical 
sample such that a predefined volume of sample fills the sample channel of 
each pin. The holder and pins are then moved in proximity to a printing 
substrate whereby direct contact between the flat tips of the pins and the 
surface results in the transfer of a small amount of the sample onto the 
solid surface. The holder and. pins are mass produced at high precision to 
ensure that the printed elements in the resultant microarray contains 
approximately the same quantity of sample. In one preferred embodiment, the 
device is ' employed to manufacture arrays of nucleic acids or derivatives 
thereof . 

What is claimed is : 

1. A device for printing microarrays comprising: 
a holder; and 

one or more printing pins that are mounted in said holder, each of said 
one or more printing pins having an exterior sample channel for holding a 
predetermined volume of a sample and a flat tip. 

2. The device of claim 1 wherein said holder accommodates up to 32 pins. 

3 . The device of claim 1 wherein each of said one or more printing pins 
has a collar to prevent rotation of said one or more printing pins in said 
holder. 

4. The device of claim 3 wherein said one or more printing pins is 
movably mounted in said holder, said one or more printing pins being 
movable in a vertical direction, said one or more printing pins having a 
rest position wherein a bottom surface of said collar contacts said holder 
stopping the downward movement of said one or more printing pins. 

5. A method of making a printing pin comprising: 
providing a pin shaft; 

producing a point having a flat tip at a first end of said pin shaft; and 

producing an exterior sample channel at said point of said pin shaft, 

"herebv creating a aao at said ocint . 



_6. The method of claim 5 further comprising- 
forming a collar; and P 9 ' 

attaching said collar to the second end of said pin shaft. 

gap'at^id'S. 0 ' Cl3im 5 fUrth6r Com P ri -ng adjusting the width of said 

four Wa^stdef^saif firs? * P ° int COm P ris " Arming 

sides having an apex thtt flL? ° " ld P i? Shaft ' Said four an 9 ul " 
geometric center of JSd p^n shf? c ^ tip in the WroxiBat. 

compos cu-ESS ^h a^L^ont^^e JSE?^ ^ 
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ABSTRACT 



What is claimed is: 

1. A modified nucleic acid comprising a nucleic acid covalently bound to 
a compound having the formula :R sub 1 --X--R sub 2 covaien ^V found to 

wherein R sub 1 is an epoxide group- 
wherein R sub 2 is an alkoxysilane group,- and 

antsS aLox; s iSe et g y ;oup hemiCally SUit3ble f ° r llaki »» Said ^ xide *™>* 
ethylene e oxS ified nUCl6iC aCid ° f Claim 1 Wherein said group is 

^Wt-IS 6 f modi 5i ed nuc leic acid of claim l wherein said alkoxysilane is 
H 111 h , S 9r ° U ? COnsistin 9 ° f ""Si (OCH sub 3) sub 3, OC sub 2 

:n^si^u^' 3 r^°fc5^ , ?. 8ub 2 ' - si(ocH sub 3,(ch sub 3 ' SUb 2 ' 

a^yc^x^^^u^ ° f Claim 1 ^ -id compound is 

5. The modified nucleic acid of claim 1 wherein said nucleic acid is DNA. 

6. The modified nucleic acid of claim i wherein said nucleic acid is RNA. 

7. A modified nucleic acid comprising a nucleic acid covalently bound to 
a compound having the formula :R sub 1 --X--R sub 2 aienciy o°und to 

wherein R sub 1 is an amino group; 

wherein R sub 2 is an alkoxysilane group; and 

sXraiUsiLne 0 ^ 0 ^ 1 " 117 llakla * Said ™ *™* and 

primary h amine dified nUClSiC ° f Claim 7 Wherein said amino 9roup i" a 

selectS 6 from^if nUCleiC - aCid ° f Claim 7 wherein said alkoxysilane is 
H sub 5) - ««h ? ^°r£ COnSlstln 9 of "Si (OCH sub 3) sub 3, -SifOC sub 2 
1 R sub TJv i SSe str " cture in ori 9^al document] 3## wherein R sub 
sub 3 OCH IS T h 3 ^ 616 ^ Sd fr ° m the 9r ° Up "listing of -H, -CH 
of R sub 1 R suh 5 0 "° C . S f - 2 H - SUb 3 ' and P rovi ^d that at least one 
ot R sub 1, R sub 2, or R sub 3 is either -OCH sub 3, or -0C sub 2 H sub 

3-aminop T r:pyUriecSxysUane C ° f ^ ? ^"^ Said is 

The modified nucleic acid of claim 7 wherein said nucleic acid is 

12. The modified nucleic acid of claim 7 wherein said nucleic acid is 
contain^ cySinfreSaue" ^ ^ ? ^ ™^ ^ 

of 14 ^n?ii? eViCe - f ° r makin9 hi 9h"density microarrays comprising a plurality 

wher;ir^ a d ry mi ^ e ?r:; e: havin9 a distal and a tapered ^ 

t-llllf ^uatorially in a substantially close-packed arrangement; and 
clanJ- 6aCn S3ld P roximal end and wherein said ends are essentially 



11. 
DNA. 



RNA. 



15. The device of claim 14 wherein said micropipets are arranged in a 
close-packed square arrangement. 

16. The device of claim 14 wherein said micropipets are bound by a frame. 

17. The device of claim 16 wherein said micropipets are affixed to a 
base. 

18. A high-density microarray comprising: 
a solid support; 

modified nucleic acid prepared by reacting said nucleic acid with an 
alkoxysilane • selected from the group consisting of 

3 -glycidoxypropyltrimethoxysilane and 3 -aminopropyltriethoxysilane , and 
immobilized about said solid support in orderly discrete spots. 

19. The high-density microarray of claim 18 wherein said solid support is 
glass. 

20. The high-density microarray of claim 18 wherein said discrete spots 
are about 50 microns in diameter. 

21. A high-density microarray comprising: 
the modified nucleic acid of claim 18; 

a solid support upon which said plurality of closely spaced samples of 
said modified nucleic acid samples are placed. 

22. The high-density microarray of claim 18 wherein said samples are 
placed upon said solid support using a device for making high-density 
microarrays. 

23. A high-density microarray comprising a solid support having a 
plurality of modified silane moieties affixed, wherein said silane moieties 
are selected from the group consisting of --Si--(CH sub 2) sub n --, 
wherein n=3, 4, 5, 6, 7, 8, or 9; and --Si--CH sub 2 --CH sub 2 --C sub 6 H 
sub 4 --CH sub 2 --CH sub 2 --Si--. 

24. A method for modulating the electrostatic properties of a glass solid 
support comprising selectively reacting said solid support with silanes 
selected from the group consisting of: 1 , 6-Bis -trichlorosilylhexane , 
1, 8-Bis-trichlorosilyloctane, 1 , 6 -Bis- trimethoxysilylhexane, and 1,4-Bis-tr 
imethyloxysilylethylbenzene . ' 

25. A modified nucleic acid prepared by: 

reacting a guanine or cytosine base of said nucleic acid with 
N-bromosuccinimide at pH about 8.0 to form a brominated nucleic acid; 

reacting said brominated nucleic acid with a silane having the formula H 
sub 2 N--(CH sub 2) sub n --Si(0C sub 2 H sub 5) sub 3, wherein n=3, 4, 5, 
6 , 7 , 8 , or 9 . 

26. A modified nucleic acid comprising a nucleic acid covalently bound to 
a compound having the f ormula : - -HN- - (CH sub 2) sub n --Si (OR) sub 3 

wherein n=3, 4, 5, 6, 7, 8, or 9. 

27. The modified nucleic acid of claim 26 wherein R is selected from the 
group consisting of - -CH sub 3, --C sub 2 H sub 5, and C sub 3 H sub 7. 

28. A modified nucleic acid comprising a nucleic acid covalently bonded 
to a compound having the formula: [See structure in original document] 4## 
wherein R is selected from the group consisting of - -CH sub 3, --C sub 2 H 
sub 5, and --C sub 3 H sub 7 ; 

wherein R sub. 1 and R sub 2 are the same or different and are selected 
from the group consisting of --H, - -CH sub 3, --C sub 2 H sub 5, --0CH sub 
3, --OC sub 2 H sub 5, --C sub 3 H sub 7, and --0C sub 3 H sub 7 ; and 

wherein X linking group comprising an at least partially aliphatic chain. 

29. A method for immobilizing nucleic acid to solid support comprising: 
reacting a compound of the formula R sub 1 - - X - - R sub 2 with a nucleic 

acid re fcrrr. a derivatizec nucleic acid: wherein. ?. sub 1 is an epoxide 



2;;;' reia ; *? b y s ^ ai koxysilane and wherein x 

g^oup; ail SUltable f ° r linkin 9 said e P° x ^e group and said alkoxysilane 
reacting said derivatized nucleic acid with said solid support. 

30 The method of claim 29 wherein said compound is 
3-glycidoxypropyltrimethoxysilane. 

31 A method for immobilizing nucleic acid to solid support comprisinq- 
reacting compound of the formula R sub 1 --X--R sub 2 with a nucleic acid 

1 r f°™ D a privatized nucleic acid; wherein R sub 1 is an amino group; 

S n ■ . , " an alkox ysilane group; and, wherein X is a moiety 

™ 2 suitable for linking said amino group and said alkoxysilane 

group; ana ■* 

reacting said derivatized nucleic acid with said solid support. 

32. The method of claim 31 wherein said compound is 
3-aminopropyltnethoxysilane. F 

33. A modified nucleic acid comprising a nucleic acid covalently bound to 
a compound having the formula:R sub 1 --X--R sub 2 

wherein R sub 1 is a cyclic ether; 

raTS^^i!^ 2 13 ~~ NR SUb 4 ' Wh6rein each R sub 3 ^oup are the same or 
different alkyl groups, and R sub 4 is --H or an alkyl group; and 

wherein X is moiety, chemically suitable for linking said cyclic ether 
group and said alkoxysilane group. <-ycnc euner 

34. A modified nucleic acid comprising a nucleic acid covalently boded to 
a compound having the formula: [See structure in original document] 5## 
wherein R sub 1, R sub 2, and R sub 3, are- the same or different, and are 
selected from the group consisting of --OCH sub 3, --OC sub 2 H sub 5 --OC 
sud 3 H sub 7, and --C1; and 

wherein X is a moiety, chemically suitable for linking said nucleic acid 
to said compound. 

35. The method of claim 29 or 30 wherein said nucleic acid is DNA. 

36. The method of claim 29 or 30 wherein said nucleic acid is RNA. 
at 3 basic h pH meth ° d ° f Claim 29 ° r 30 Wherein said first rea cting step occurs 

38. The method of claim 35 wherein said first reacting step occurs at pH 
from about 6 to about 12. 3 ^ p 

39. The method of claim 36 wherein said first reacting step occurs at pH 
from about 6 to about 8.5. P 

40. The method of claim 37 wherein said pH is greater than 9.5. 

. 41. The method of claim 29 or 30 wherein said solid support is glass. 

42. The method of claim 29 or 30 wherein said second reacting step occurs 
at approximately neutral pH. 

43. The method of claim 31 or 32 wherein said nucleic acid is DNA. 

44. The method of claim 31 or 32 wherein said nucleic acid is RNA. 

45. The method of claim 31 or 32 wherein said nucleic acid contains a 
cytosme residue. 

46. The method of claim 31 or 32 wherein said first reacting step occurs 
at essentially neutral pH. 

47. The method of claim 44 wherein said first reacting step occurs at 
about pH=6.0-7 slashed zero " 



clairr 



wherein said first reacting step occurs 



in the presence of sodium bisulfite. 



49. The method of claim 31 or 32 wherein said solid support is glass. 

50. A kit for performing a hybridization assay on nucleic acid samples 
comprising : 

a solid support; and 

a device for imprinting an array of DNA chips of modified nucleic acids of 
claim 1, 7, 25, 28, or 34 onto said solid support. 

51. The modified nucleic acid of claim 33 wherein said compound selected 
from the group consisting of --(CH sub 2) sub 8 SiCl sub 3, --(CH sub 2) 
sub 8 Si(0CH sub 3) sub 3, --(CH sub 2) sub 4 SiCl sub 2 CH sub 3, and - -CH 
sub 2 CH sub 2 CH sub 2 Si (OCH sub 3) sub 3. 
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. ABSTRACT 



subject methods, end-labeled £rget nucleic 9 ^^" 581011 anal ' si s- In the 
of probe molecules stably associated with thf 13 COntacted 1th an array 
under hybridization conditions iSSciS to ^ ° £ 3 S ° Ud S ^ ort 
pattern. The resultant hybridization D l,™ P ^ 3 ^oxidization 
quantitative information Lout M be USed to obtain a 

target nucleic acid sample, as well as thfoh ? r ? f ^ e ° f the en d-labeled 
it is derived. As su ? h , ' the subject methL^f 1 S ° UrCe from which 
applications. suDject methods find use in a variety of 



What is claimed is: 



JL* h y b ridization assay comprising the steos of 

generating a signal of substantially the lltl nUCl f 1C acids is ca P abl e of 
detecting said hybrid! zation p^tern specific activity; and 

2. The assay according to claim 1 f„^», 
removing unhybridized target nucleic Lid p^r'to sa°7d"eSing^cep PS * 

preparing SJyeSlS&^^J"^^^?/:" fUrther «»*ri... 

source with an end- labeled oliaoldT nr acid sara P le by contacting an mRNA 

oUs " m ^ ~* "S"^ sis- U ss; e r d - Ubeirf 



5 . 
(a) 
sample 



nucleotides under conditions suff cLf J™"' * rSVerSe transcriptase and 
standard RNA into said end labeled staSard° ZFT transcription of said 

(o combining said ppH ! standard DNA; and 

nucleic acid sLple "* Standard ™* 1th said end- labeled target 

■nuclei £2 co-SrieJe^^LtsJep^ 6 - 111 * —acted with a 

-^S^^^ e J eneZiC FrCfile 0f a Physiological source, 



(a) preparing an end labeled target nucleic acid sample by contacting mRNA 
from a physiological source with an end-labeled oligo(dT) primer, a reverse 
transcriptase and nucleotides under conditions sufficient for reverse 
transcription of said mRNA into said end-labeled target nucleic acid 
sample, wherein said end-labeled oligo (dT) primer is comprises a known 
number of labeled nucleotides; 

(b) preparing end labeled standard DNA by contacting standard RNA with 
said end-labeled oligo (dT) primer, a reverse transcriptase and nucleotides 
under conditions sufficient for reverse transcription of said standard RNA 
into said end labeled standard DNA; 

(c) combining said end labeled standard DNA with said end- labeled target 
nucleic ^acid sample; 

(d) contacting said end labeled target nucleic acid sample with an array 
of - probe molecules stably associated with the surface of a solid support 
under hybridization conditions to produce a hybridization pattern; 

(e) separating unhybridized target from said array; 

(f) contacting said array with a nuclease; and 

(g) detecting said hybridization pattern. 

8. The assay according to claim 7, wherein said end-labeled target 
nucleic acids are not directly detectable and said method further comprises 
contacting said hybridization pattern with at least one additional member 
of a signal producing system to provide a detectable hybridization pattern. 

9. The assay according to claim 8, wherein "said contacting with at least 
one additional member of a signal producing system is prior to said step 

(f ) • 

10. The assay according to ciaim 8, wherein said end-labeled target 
nucleic acids are .labeled with biotin. 

11. The assay according to claim 9, wherein said at least one additional 
member of a signal producing system is f luorescently labeled streptavidin . 

12. A kit for use in the preparation of end-labeled target nucleic acids 
to be used in an array based assay, said kit comprising: 

end labeled oligo (dT) primers capable of generating a signal of known 
value; and a polymerase. 

13. The kit according to claim 12, wherein said kit further comprises 
nucleotides. 

14. The kit according to claim 12, wherein said kit further comprises a 
buffer. 

15. The kit according to claim 12, wherein said kit further comprises an 
array of probe molecules and said kit is for use in a hybridization assay. 

16. The kit according to claim 12, wherein said kit further comprises 
standard RNA. 

17. The kit according to claim 12, wherein said kit further comprises a 
nuclease . 
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CLAIMS : 7 

EXEMPLARY CLAIM: 1 

DRAWING PAGES: 6 

DRAWING FIGURES : 14 

ART UNIT : 189 

ABSTRACT 

A method and apparatus for forming microarrays of biological samples on 
a support are disclosed. The method involves dispensing a known volume of a 
reagent at each selected array position, by tapping a capillary dispenser 
on the support under conditions . effective to draw a defined volume of 
liquid onto the support. The apparatus is designed to produce a microarray 



We claim: 



. 1 ;« 1 ?H me «™ °t f ° r u ing a microarra y of discrete analyte- assay regions on 

seleced analvte' «££ ■ re3i ° n - the micrLrray has a 

selected, analyte-specific reagent, said method comprising, 

(a) loading an aqueous solution of a selected analyte-specific reaoent in 

toST™5S 1,, ;, d S lea h3Vin9 Sl0n9ate -Pillary^nn^ 2? ed o 
hold a quantity of the reagent solution and having a tip reqion at which 
the solution in the channel forms a meniscus 

(b) tapping the tip of the dispensing device against a solid support at a 
defined position on the surface, with an impulse effective to b?eak the 

ro^and aVof " P i lla ^ Ch ™ el and **P"'t * -elected volume oeteen 
0.002 and 2 nl of solution on the surface, and 

(c) repeating steps (a) and (b) until said microarray is formed. 

reaion^in 6 ^ ° f . claim l > wherein the reagents used to form the discrete 
" J /h? 1 ^ 0 ^^ a 5 6 dlstinct nucleic acid strands and wherein 

steps (a) and (b) are repeated until the microarray has about 100 or more 

support re91 ° nS diStlnCt nUCl6iC aCld Strand ^ * er cm SU P 2 of soUd 

reoionl he in et ?hf °iL Wto ™^ the re ^ ents used to form the discrete 

stens t*) \n* miCr ° array are distinct nucleic acid strands and wherein 
discret! r a ?j ? T ^ e Pf ated untl | the microarray has about 1000 or more 
support distinct nucleic acid strands per cm sup 2 of solid 

4. The method of claim 2, wherein the channel is open-sided. 

5. The method of claim 3, wherein the channel is open-sided. 

^6. The method of claim 4, wherein the volume is between 0.002 and 0.25 

^7. The 'method of claim 5, wherein the volume is between 0.002 and 0.25 
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these variants and learn something that could guide treatment. 
Again, the technology to do this has been around for quite some 
time - since the 1960s, in fact, when gel electrophoresis was 
first used to identify DNA and proteins by using reagents and 
electromagnetic forces to "sift" samples through a gel and sort 
them by size or electrical charge. 

But to be practical for large-scale screening, identification has 
to be rapid, cheap, automatable, and capable of dealing with large 
numbers of samples. As Or. Toni Schuh, vice president of business 
development at Sequenom Inc. (San Diego, CA and Hamburg, Germany) 
puts it, companies must have a capacity for "industrial genomics." 
Another important ingredient for pharmacogenomic success is a 
truly awesome capacity for bioinformat ics. After all, you donCt 
just have to analyze and compare the DNA of hundreds to even tens 
of thousands of pat ients. . .you also have to correlate that data 
with patientsC clinical information and drug use, which may be 
anything but uniform in its presentation. So add a lot of grunt 
data processing work to the shopping list, perhaps provided by an 
academic collaborator with access to plenty of cheap student labor. 
The Bottom Line 

So what you really need for success in pharmacogenomics is brute 
power in terms of sequencing and analysis; some approach to target 
validation; a lot of time and willpower for analyzing, recording, 
and standardizing patient information; and the ability to form 
research alliances that will provide access to those patients. Who 
can best provide all that? 

While it seems like every company that ever made a DNA diagnostic 
is now talking about its role in pharmacogenomics, it is certainly 
makes sense that a variety of companies with cutting edge DNA 
sequencing and analysis technologies are coming forward to discuss 
how they might help the field advance. Some merely offer the 
tools; other sequencing powerhouses like Genset and Hyseq are 
pursuing the research themselves. 

Given that there are many business risks inherent in pursuing 
pharmacogenomics as a business, at least in the near-term, 
companies that have other sources of revenue - ideally from other 
applications of their high-speed, high-capacity DNA analysis 
technologies - may make a better bet for the would-be 
pharmacogenomics investor. 

On the other hand, the technical advantages of one analysis 
platform over another is by no means clear. Nor is it established 
that the leader in discovering gene variants will be the company 
most able to exploit that information. 

Dedicated pharmacogenomic companies may fine-tune a system that 
proves superior to larger competitors with more raw horsepower. If 
the dedicated companies are to prevail, it will also likely be 
because only they give the necessary attention and expertise to 
the research. DNA ana 1 ys i s/genom i cs companies like Genset and 
Hyseq could discover that sorting through doctors^ charts isnCt 
something they want to do - or isnCt something they can get their 
academic partners to do efficiently - and may be content to 
partner pharmacogenomic projects with specialists like Genaissance 
and Var iagenics. But for now, the big guys are going to try it on 
their own. 

(cont. next page) 



30003*4 



DIALOG 
+ 



A THOMSON COMPANY 



DIALOG PRINTS 

P056: PR I/5/I-334 



User:026o66 2 5 jan01 File(s) 15,16,47... 



Item 



PAGE: 
60 of 



35 
334 



Even with these caveats, it is clear that k- . 
v.tal for the advancement of hi high-octane analysis is 
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offers a highly accurate means of gene identification. For this 

IE! h ■!*'?!!: 3 ? NA SamP ' e iS mixed With a '^-absorbing molecule 
and hit with a laser pulse. A tiny cloud of ONA comes off the 
plate within an electrical field, and the mass'of individual 
mo ecules is read by a mass spectrometer. The idea is that the 
molecules separate by size during flight, with the smaller ones 

i a rn, a Tn?° rter " time ° f f,i9ht " 3nd reachi "9 detector first. 
MALDI-TOF mass spectrometry can also be used for proteomics - that 
is, it can do for proteins what it does for DNA . For this 
application, enzymes known to cleave the amino acids of protein 
samples at specific points are used to "digest" them. 

rX t «r-n! , 5K h protein probes are P ut in a" array and run through 
the MALDI-TOF mass spec process, with resulting masses of the 
peptide sequences reassembled to uniquely identify the protein 
Several companies that have pioneered the use of MALDI-TOF mass 
spectrometry have concentrated on protein appl ications and havenCt 
d.scussed using their technology for pharmacogenetics. 
For example, CipherGen Biosystems Ltd. (Palo Alto, CA and Surrey, 
U.K.) describes the applications of its SELDI (surface-enhanced 
laser desorption and ionization) ProteinChips as 1 igand-receptor 
assays, DNA- protein and protein-protein interaction studies, and 
immunoaff.nity assays. PerSeptive Biosystems Inc., now part of 
Perkin-Elmer, also discusses its MALDI-TOF mass spectrometry 
technology in terms of proteomics. 

But that could change. When you. have technology that is useful in 
exploiting two of the hottest buzzwords around, it doesnCt pay to 
I imi t yoursel f . K ' 

"We got into proteomics through DNA," says Dr. Noubar Afeyan 
chairman, CEO, and founder of PerSeptive. He stresses that the use 
of the companyes mass spec analysis for DNA "is a viable 
technology that we wi 1 1 commercialize. With Perkin-Elmer we now 
have a marketing channel to the DNA world. As PerSeptive we 
mostly concentrated on the protein applications " 
Other companies with MALDI-TOF mass spectrometry technology have 
concentrated on DNA applications from the start. GeneTrace Systems 

nc. (Menlo Park, CA) , originally a spin-out of SRI International 
i nC *: ?2L de y e, ° Ped a variety of DNA analysis applications. In 
March 996, Incyte licensed GeneTraceCs laser mass spectrometry 
technology, took a minority stake in the company, and formed a 
partnership to develop specific DNA analysis applications 
Likewise, SequenomCs business plan calls for the pursuit of 
so-called industrial genomics, using rapid and highly accurate DNA 
analysis to do everything from gene mapping research to 
pharmacogenomic population analysis. 
Genaissance and the Next Step 

Other companies are using electrophoresi s-based sequencing, with a 
variety of other strategies to speed the process. Variagenics, for 
example, uses a class of enzymes (called Resolvases) that cleave 

wherever mismatched nucleotides are present - that is 
wherever the DNA double helix doesnCt hybridize. This helps the 
company quickly identify an area likely to represent a genetic 
problem and according to the company accelerates a conventional 
ge 1 -based sequencing process. 

Visible Genetics Inc. (Toronto, Ontario, Canada) has specialized 

(cont. next page) 
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in making gene sequencing, software, and diagnostic tools that 
identify disease genetic subtypes, specifically in the area of HIV 

- working with technology licensed from Genaissance. The companyCs 
OpenGene System uses an "ultra-thin electrophoretic gel cassette" 
technology to identify disease variants. Essentially a multilane, 
high-throughout, automated gel electrophoresis system, the company 
believes its system is quicker and more cost-effective than probe 
hybridization technologies. 

Genset has also used a gel -based approach as the core of its 
large-scale sequencing program. To identify genetic variants, the 
company uses its Functional Polymorphism Scanning (FPS) technique 

- an automated statistical analysis engine that compares sequences 
of interest from many unrelated individuals. 

GenaissanceCs sequencing technology for mutation discovery, called 
Coupled Amplification and Screening (CAS), is also a gel 
electrophoresis-based system. But Ruano points out that the 
company has another technology, its pClasper functional screen for 
isogenes, that gives his companyCs approach its power. 
"One of the problems in pharmacogenomi cs is that there is a lot of 
data being generated that has very little information content," 
said Ruano. "Polymorphisms donCt mean anything - in our screening, 
we have found base pair changes every 50-100 bases. Some of these 
genes may have in the order of 20-25 polymorphisms. 
"The question is, what does that mean?" Ruano continued. "There 
must be a way of quickly sorting out which of these genes are 
important." Enter pClasper, a shuttle vector that allows the 
company to easily take segments of DNA containing genes of 
interest and put them into yeast or bacterial cell lines, where 
they can be replicated in quantities suitable for high-throughput 
screening. The company was recently issued a U.S. Notice of 
Allowance on its pClasper patent. 

"You can validate isogenes two ways," said Ruano. "One way is with 
real life studies" using expressed gene variants as drug targets 
and seeing how they behave. ThatCs the goal behind the pClasper 
technology. 

"The second way is through clinical outcomes," Ruano continued, 
"and ICve got news for you - the two are connected." Genaissance 
hopes to partner with drug companies to do this kind of research 
during Phase II studies. He believes thatCs the best time to 
study genetic variants, since Phase (II studies tend to have too 
many patients and come too far along the development pathway. 
"Think about the size of a Phase II study - it has 200 to 300 
patients. You need a very wel 1 -selected set of markers to be able 
to learn anything during a trial of that size", he said. "If you 
have 50,000 markers, how will you validate them in only 200 
patients? How will you have the time to do that?" 
One way or another, pharmacogenomi c hypotheses will need real-life 
validation. "There are ways of getting some good information from 
retrospective studies," Ruano noted. "We are collecting some of 
that and analyzing correlations for existing drugs. But we are 
focused on developing drugs, so have to work with big pharma." 
Who Has the Winner? 

All three DNA analysis approaches - electrophoresis, 
hybridization, and mass spectrometry - have been developed into 

(cont. next page) 
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highly accurate, rapid systems. The ultimate advantage of one 
approach over the others will likely hinge on economics (in terms 
of both cost and speed) and the very margins of accuracy 
In the world of pharmacogenomi cs , accuracy takes on a whole new 
mean.ng. Identifying DNA polymorphisms with 99-99 percent accuracy 
means you'll make an average of I mistake every 10,000 base pairs 
• That s just not good enough, says Sequenom's Schuh. When you're 
looking for rare genetic anomalies among large populations, an 
error may be as common as the mutations or suspect alleles you're 
hoping to find. 1 
Schuh thinks his company's MALDl-TOF approach is superior to 
hybridization, which uses an iterative approach to eliminate 
error. Hybrid- ization requires that probes be "labeled" with 
fluorescent dyes that glow when a match is made. PerSeptive's 
Afeyan agrees that with mass spec technology, "it's big advantage 
that you don t have to f 1 uorescent I y label your probes. Labeling 
is expensive and is a potential source of error." Ultimately, that 
could make a mass spec approach more cost-effective than 
hybridization. 

On the other hand, throughput for mass spec analysis is currently 
limited. By definition, you can only measure the mass of one thing 
at a time - otherwise your results will be a meaningless sum of 
masses. Therefore, MALDl-TOF mass spec analysis is "fundamentally 
a serial process," says Afeyan. Companies like Sequenom are 
increasing the throughput capacity of mass spec ONA analysis by 
designing systems for parallel processing and multiplexing 
reactions, but they are still limited to measuring one mass at a 
time per mass spec tube. 

In any case, Afeyan thinks predictions on the best DNA analysis 
technology are premature. "Chips and mass spectrometry and 
electrophoresis will have slight differences in accuracy , s I i ght 
differences in throughput capability, and, for now, only slight 
differences in cost. It's very premature to say which of these 
approaches will be better. It's technology guesswork," he states. 
Perkin-Elmer is in an interesting position for this market, 
because they have access to every gene identification technology 
available. They continue to be a lead i ng suppl i er of gel 
sequencers. They have an alliance with Hyseq to create HyChip 
hybridization arrays and software that could be used for 
pharmacogenomi cs. And they now own PerSeptive and its MALOI-TOF 
technology. It remains to be seen which technological horse - or 
horses - the company chooses to back for high-throughput 
pharmacogenomi c DNA analysis. 
Hyseq Charges Ahead 

Their partner Hyseq, however, isn't waiting around. In February, 
the company announced a collaboration with the University of 
Cal ifornia-San Francisco (UCSF) to study genes that may play a 
ro e in cardiovascular disease. The project means sifting through 
a lot of sequence data to understand the complex interactions of 
genes, gene mutations, and polymorphisms that may play a role in 
disease. 

UCSF researchers will collect DNA samples from 20,000 genetically 
diverse individuals and in many cases provide matching clinical 
histories, including the results of angiograms, and ultrasound and 

(cont. next page) 
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biochemical tests. Hyseq will create an annotated sequence 
database from the samples. 

M We have right now 5,000 samples to process, and will collect an 
additional 15»000 samples, 11 says Hyseq president and CEO Lewis 
Gruber. "We are in contact with the patients as well, and the 
study is intended to be expandable within the same area." 
Gruber acknowledges that this large a study poses some daunting 
challenges in terms of processing and analyzing patient data. "The 
data normalization is to a large extent being done by UCSF 
people," he said. "We do have a large bio informatics component to 
our company, with about 60 people working in that area. 
"The first part of the project is polymorphism analysis," he 
continues, from which the company will assemble its database. "The 
pharmacogenomic portion is the next step - and again, we have 
access to these patients and can determine what drugs they are 
taking. We are looking to expand the polymorphism database into a 
pharmacogenomic information database on specific drugs." 
Ultimately, the company intends to find pharmaceutical partners 
that will use the database for both existing and developmental 
drugs. 

While Genaissance seeks to narrow the genetic variants it 
discovers through its screening technologies, Hyseq hopes to focus 
on the right genes by picking the right samples. 
"The individual records in the database have been selected by our 
UCSF collaborators to provide important information i.e. 80 year 
olds with no cardiovascular disease, 20 year olds with severe 
disease. And we'll have many people in each of these categories," 
explained Gruber. "That way you can select out the background. 
Then you can target analysis to those genes that are useful for 
pharmaceuticals. 

"Other companies have tended to take approaches that reduce the 

need for sequencing," he continued. "Our paradigm is the opposite: 

Because we have very fast sequencing, we can do what they can't 

because of cost and time. We can get more quickly at what people 

want, which is complete sequence analysis." 

How does one small pharmacogenomic company feel about such a 

competitor? "That is a challenge for companies such as us," says 

Genai ssance' s Ruano. "But remember - for us, pharmacogenomics is 

not a me-too approach. This is our heart and soul; I've been 

thinking about this for years. Our technology has been developed 

specifically for this application." 

DNA Analysts and pharmacogenomics - select approaches 

Company Technology 

Affymetrix Inc. Custom photol i thographi c 

(Santa Clara, CA) hybridization chip 

ChemCore Inc. Diagnostic microchips 

(Malvern, PA) 

GeneTrace Systems Inc. MALD I -TOF DNA analysis 

(Menlo Park, CA) 

Genaissance Pharmaceuticals Inc. Gel-based sequencing and 
(New Haven, CT) pClasper functional screening 

Genset SA Gel -based sequencing and 

(Paris, France) Functional Polymorphism 
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Hyseq Inc. 
(Sunnyvale, CA) 

Millennium Predictive Medicine 

Inc. (a division of Millennium 
Pharmaceut i cal s I nc .) 

(Cambridge, MA) 
Molecular Tool Inc. 

(a division of GeneScreen Inc.) 

(Baltimore, MD) 
Nanogen Inc. 

(San Diego, CA) 
PerSeptive BioSystems Inc. 

(a division of Perkin-Elmer Corp, 

(Framingham, MA) 
Rapigene Inc. 

(a division of Chiroscience pic) 
(Seattle, WA) 
Sequenom Inc. 
(Hamburg, Germany) 
Synteni Inc. 
(a division of Incyte 
Pharmaceuticals Inc.) (Palo Alto, 
Tm Bioscience Corp. 
(Toronto, Ontario, Canada) 
Variagenics Inc. 
(Cambridge, MA) 

Visible Genetics Inc. 
(Toronto, Ontario, Canada) 



"Generic 11 hybridization arrays 

and sequencing 
ONA, RNA, and protein analysis 



Hybridization chips 



Hybridization chi ps 

MALDI-TOF protein and DNA 
) analysis 

Hybridization arrays and mass 
spectrometry tags 

MALDI-TOF DNA analysis 
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Hybridization arrays and 
scanners for DNA analysis 

Hybridization biochip 

Gel -based sequencing and 
Enzymatic Mutation Detection 
to identify mismatched DNA 

Gel electrophoresis-based DNA 
analysis system 
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ABSTRACT: Forty million Americans suffer from allergies, but just one in ten 
sufferers seeks medical assistance. Allergy sufferers usually misdiagnose 
themselves as having colds and may purchase incorrect over-the-counter remedies 
that often worsen symptoms. Improperly treated, allergies can develop into more 
serious ear and sinus infections, bronchitis, nasal polyps, and even facial 
abnormalities. Advice on the symptoms associated with allergies, the treatment of 
allergies, and a list of the top allergists in the Washington, D.C., area are 
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, " 3 [R) ~t 6 -0'hydro-4-hydroxy-2-oxo-6 (S)-[2-phenylethy1]-6-propyl-2H-pyran-3-y 
l)-2,2-d 1 methylpropyl] P henyl]-l- m ethyl-lH-imida2ole-l.-sulfonan.ide; 

N-L3 (S)-Ll-(5.6-D l hydro-l»-hydroxy-2-oxo-6 (R) -[2-phenyl ethyl] -6-propy l-2H-pyran-3-y 

, " 2 r ; 2 "?T eth / , P ropy,] P hen >' 1 > , -'"ethyl-lH-i I nida 2 ole-l.-sulfonamide; 

N-L3 (S) - [1 - (5 6-D i hydro-4-hydroxy-2-oxo-6 (S) - [2-pheny 1 ethy 1 ] -6-propy I -2H-py ran-3-y 
l)-2,2-d im ethylpropyl]phenyl]-l-methyl-lH-imida2ole-l.-sulfonamide; 

N-L3-11 (R or S)-(i t -Hydroxy-5,6-dihydro-2-oxo-6,6-dipropyl-2H-pyran-3-yl)-propyl} P h 
enyl]-5-cyanopyridine-2-sulfonamide; 

N-[3-(l (R)-( 1 »-Hydroxy-5,6-dihydro-2-oxo-6,6-dipropyl-2H-pyran-3-yl)-propyl}phenyl] 
-5-cyanopyridine-2-sulfonamide; . py ,pnenyu 

N~[3-{1 (S)-C*-Hydroxy-5.6-dihydro-2-oxo-6,6-dipropyl-2H-pyran-3-yl)-propyl}phenyll 
-5-cyanopyridine-2-sulfonamide; 

N-[3-{l(R or S)-(4-Hydroxy-5,6-dihydro-2-oxo-6(R or S) -phenethyl-6-propyl-2H-pyran 
"3-y I ) propy 1 } pheny 1 ] -5-cyanopyr i d i ne-2-su 1 fonamide ; 

N- C3- { 1 (R) - C-Hydroxy-5 . 6-d i hydro-2-oxo-6 (R) -phenethy 1 -6-propy 1 -2H-pyran-3-y 1 ) prop 
yl}phenyl]-5- C yanopyridine-2-sul fonamide; 

N- C3- { 1 (R) - (A-Hydroxy-5, 6-d i hydro-2-oxo-6 (S) -phenethy 1 -6-propy 1 -2H-pyran-3-y I ) prop 
yl} pheny l]-5-cyanopyridine-2-sul fonamide; 

N-|>{1 (S)-(A-Hydroxy-5,6-dihydro-2-oxo-6(R)- P henethyl-6-propyl-2H-pyran-3-yl)prop 
yl}phenyl]-5-cyanopyridine-2-sulfonamide; and 

N-[3-{l(S)-(l»-Hydroxy-5,6-dihydro-2-oxo-6(S) -phenethyl-6-propyl-2H-pyran-3-yl) prop 
yl} pheny l]-5-cyanopyridine-2-sul fonamide. 
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ABSTRACT 



invention provides a miniaturized integrated nucleic acid diagnostic 
system which includes a nucleic acid extraction zone including nucleic 
sites. 

What is claimed is: 

1. A nucleic acid extraction device, comprising: 

a body having at least one chamber with at least one inlet channel; 
a porous flow-through deformable plug disposed within the chamber, the deformable 
plug having nucleic acid binding properties; and 
a flexible diaphragm for compressing said plug thereby removing trapped liquids. 

2. The nucleic acid extraction device of claim 1, wherein 

the flexible diaphragm is disposed between a pneumatic port and the deformable 
plug, the device further comprising a pressure system for displacing the flexible 
diaphragm to draw a sample through the inlet channel into the chamber. 

3. A nucleic acid extraction device, comprising: 

.a body having at least one chamber with at least one inlet channel, wherein the 
chamber comprises a textured interior wall surface having nucleic acid binding 
properties; 
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a porous flow-through plug disposed within the chamber, the plug. having nucleic 
acid binding properties, and 

a piezoelectric crystal adapted to acoustically agitate a nucleic acid sample, and 
wherein the piezoelectric crystal is mounted- to the chamber opposite the textured 
interior wall surface of the chamber. 

k. A biological sample refinement device, comprising: 
a body having at least one microchamber with at least one inlet channel; 
a structure disposed within the microchamber, the structure having binding sites 
thereon; and 

a fluid distribution system for delivering a biological sample into the 
microchamber such that at least a portion of the sample contacts the binding sites, 
the fluid distribution system being adapted to deliver an adjustable volume of 
metered elution buffer into the microchamber. 

5- The device of claim 4, wherein the structure comprises a substantially planar 
wall with a plurality of beads attached thereto. 

6. The device of claim k 9 wherein, 
the binding sites comprise agents selected from the group consisting of acids, 
bases, si lanes, polylysine, tethered antibodies, nucleic acids and Poly-T DNA. 
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YouCve heard the buzzword. Lots of companies are talking about 
their move into pharmacogenomi cs , the analysis of genetic 
differences among patients that could mark them as better or worse 
candidates for a particular drug ... or lead to highly targeted, 
even "personalized" drugs." 

If you can efficiently diagnose a patient in terms of DNA 
mutations, alleles, or polymorphisms pertaining to a specific 
disease, you'll potentially have vital information for improving 
their response to treatment. 

Pharmacogenomi cs is an idea that has just been waiting for the 
technology to make it possible. The basic ingredients are nothing 
new. DNA-based diagnostics, for instance, have been sold for 
almost 20 years. Likewise, the desire to identify subgroups of a 
population most likely to benefit from drugs is an impulse with 
some history behind it. 

For commercial pharmacogenom i cs to be practical, researchers need 
a method for high capacity, cost-effective, rapid DNA 
identification and a large amount of existing sequence data so 
patient genes can be compared to the "norm." 

Both of these key areas have only recently reached critical mass. 
The initiation of the Human Genome Project in 1 992 started the 
race to sequence the complete human genome. Many companies, 
including Human Genome Sciences Inc. (Rockville, MD) , Incyte 
Pharmaceuticals Inc. (Palo Alto, CA) , Millennium Pharmaceuticals 
Inc. (Cambridge, MA), Genset SA (Par i s , France) , AxyS 
Pharmaceuticals inc. (South San Francisco, CA) , and Hyseq Inc. 
(Sunnyvale, CA) , have built up large databases of linear sequence 
information, and huge amounts of publicly available sequence data 
have also been amassed. 

ThatCs just the beginning, however. Having a sequence of the 
entire human genome - or the entire genomes of several individuals 
- tells you little about the genetic mutations and polymorphisms 
that may be implicated in a specific disease. That work still 
needs to be done, and has led to the birth of several "pure play" 
pharmacogenom ic companies like Genaissance Pharmaceuticals Inc. 
(New Haven, CT) and Variagenics Inc. (Cambridge, MA), as well as a 
major initiative Hyseq and by Genset (in collaboration with Abbott 
Laborator ies) . 
Lots of Work To Do 

Behind these efforts are advances in technology that will allow 
small portions of the genome involved in a disease to be sequenced 
over and over again in thousands of people and matched against 
individuals' clinical information on symptoms, treatments, and 
outcomes. 

Discovering mutants, alleles, polymorphisms - what Genaissance 
calls "isogenes" - is just the first step. "The key thing is that 
you donCt just have to discover things, you have to validate 
them," says Dr. Gualberto Ruano, founder and CEO of Genaissance. 
Companies like his that are dedicated to the creation of 
personalized medicines are hoping they have the key technology 
that can make the leap from numerous DNA anomalies to a few key 
disease-related gene variants. 

Once youCve learned which polymorphisms or mutations youCre 
looking for, the next key is to match patient samples against 
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these variants and learn something that could guide treatment. 
Again, the technology to do this has been around for quite some 
time - since the 1960s, in fact, when gel electrophoresis was 
first used to identify DNA and proteins by using reagents and 
electromagnetic forces to "sift" samples through a gel and sort 
them by size or electrical charge. 

But to be practical for large-scale screening, identification has 
to.be rapid, cheap, automatable, and capable of dealing with large 
numbers of samples. As Or. Toni Schuh, vice president of business 
development at Sequenom Inc. (San Diego, CA and Hamburg, Germany) 
puts it, companies must have a capacity for "industrial genomics." 
Another important ingredient for pharmacogenomi c success is a 
truly awesome capacity for bioi nformat i cs . After all, you donCt 
just have to analyze and compare the DNA of hundreds to even tens 
of thousands of pat i ents . . .you also have to correlate that data 
with patientsC clinical information and drug use, which may be 
anything but uniform in its presentation. So add a lot of grunt 
data processing work to the shopping list, perhaps provided by an 
academic collaborator with access to plenty of cheap student labor. 
The Bottom Line 

So what you really need for success in pharmacogenomi cs is brute 
power in terms of sequencing and analysis; some approach to target 
validation; a lot of time and willpower for analyzing, recording, 
and standardizing patient information; and the ability to form 
research alliances that will provide access to those patients. Who 
can best provide all that? 

While it seems like every company that ever made a DNA diagnostic 
is now talking about its role in pharmacogenomi cs, it is certainly 
makes sense that a variety of companies with cutting edge DNA 
sequencing and analysis technologies are coming forward to discuss 
how they might help the field advance. Some merely offer the 
tools; other sequencing powerhouses like Genset and Hyseq are 
pursuing the research themselves. 

Given that there are many business risks inherent in pursuing 
pharmacogenomi cs as a business, at least in the near-term, 
companies that have other sources of revenue - ideally from other 
applications^ their high-speed, high-capacity DNA analysis 
technologies - may make a better bet for the would-be 
pharmacogenomi cs investor. 

On the other hand, the technical advantages of one analysis 
platform over another is by no means clear. Nor is it established 
that the leader in discovering gene variants will be the company 
most able to exploit that information. 

Dedicated pharmacogenomi c companies may fine-tune a system that 
proves superior to larger competitors with more raw horsepower. If 
the dedicated companies are to prevail, it will also likely be 
because only they give the necessary attention and expertise to 
the research. DNA analysi s/genomics companies like Genset and 
Hyseq could discover that sorting through doctorsC charts isnCt 
something they want to do - or isnCt something they can get their 
academic partners to do efficiently - and may be content to 
partner pharmacogenomi c projects with specialists like Genaissance 
and Variagenics. But for now, the big guys are going to try it on 
their own, 
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Even with these caveats, it is clear that high-octane analysis is 
vital for the advancement of pharmacogenomi cs . For that reason, 
BioVenture View took a look at some of the competing technologies 
that companies are hoping will become the backbone of the emerging 
field. 

The Technologies 

Gel electrophoresis has come a long way in terms of speed and 
automation since its debut in the 1960s, and some version of the 
technology is still used for the large-scale gene sequencing done 
by companies like Incyte, Genset, and HGS .. Sales of 
electrophoresis gene sequencers and related products make a 
healthy business for companies like Perkin-Elmer Corp. 
(Norwal k , CT) , Amersham Pharmacia Biotech Inc. (Uppsala, Sweden) 
and Molecular Dynamics Inc. (Sunnyvale, CA) . But for 
pharmacogenomi cs, the issue isnCt linear gene sequencing, it is 
the identification of single base-pa i r pol ymorph i sms that might 
identify a patient as a candidate, for a par t i cul ar therapy . Gel 
electrophoresis can be - and is being - used for this purpose, 
too, but some companies are claiming to have technologies that 
will offer greater speed, accuracy, and flexibility. 
Hybridization is the process by which a single strand of DNA 
matches up and binds with complementary base pairs. By making a 
series of "probes" - short strands of nucleotides in a known order 
- and seeing how completely a sample binds with them, researchers 
can perform highly accurate gene identification. 

Traditionally, using a DNA probe array to identify gene mutations 
has required that you know exactly what sequence youCre looking 
for. Affymetrix Inc. (Santa Clara, CA) , for example, custom 
manufactures its chips with specific probe sequences already 
etched on the surface. If youCve already identified all relevant 
polymorphisms of a gene from another sequencing approach, it makes 
sense to use a hybridization array as a diagnostic or quick 
screeni ng tool . 

Hybridization can also be used for large-scale gene sequencing. 
The process, sensibly enough called Sequencing By Hybridization . 
(SBH), was developed by Hyseq. (The company claims exclusive 
rights to the technology, although they are currently involved in 
a patent infringement suit against Affymetrix regarding SBH.) 
Unlike traditional hybridization assays, SBH doesnCt require the 
researcher to have any foreknowledge about the sequences they are 
studying. 

Hyseq accomplishes this by using relatively short probes. A 
sequence of seven nucleotides in length only has kj , (about 
16,000) possible combinations. Unlike the 24-mer probes used by 
Affymetrix, this makes for manageable number of combinations. The 
company actually creates a probe for every possible combination of 
seven nucheotides and uses it to screen unknown sequences. 
(Another version of the technology can accommodate sequences up to 
10 nucleotides in length by using two sets of.5~mer probes and 
looking for three-way binding.) Hybridization is being pursued by 
Hyseq as a core technology for all levels of sequencing, from 
large-scale discovery to pharmacogenom i c diagnostics. 
Another technology, called matrix-assisted laser desorption 
ionization/ time- of-f light (MALDI-TOF) mass spectrometry, also 
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•n making gene sequencing, software, and diagnostic tools that 
identify disease genetic subtypes, specifically in the area of HIV 

- working with technology licensed from Genaissance. The companyCs 
OpenGene System uses an "ultra-thin e I ectrophoret i c gel cassette" 
technology to identify disease variants. Essentially a multilane, 

D :??:^I OU ? \ aUt ° mated 961 electro P"°^is system, the company 
beheves its system ,s qu.cker and more cost-effective than probe 
hybridization technologies. P 
Genset has also used a gel -based approach as the core of its 
large-scale sequencing program. To identify genetic variants, the 
company uses its Functional Polymorphism Scanning .(EPS) technique 

- an automated statistical analysis engine that compares sequences 
of interest from many unrelated individuals. 

GenajssanceCs sequencing technology for mutation discovery, called 
Coupled Amplification and Screening (CAS), is also a gel 
electrophoresis-based system. But Ruano points out that the 
company has another technology, its pClasper functional screen for 
isogenes, that gives his companyCs approach its power. 
"One of the problems in pharmacogenom i cs is that there is a lot of 
data be.ng generated that has very little information content," 
said Ruano. 'Polymorphisms donCt mean anything - in our screening, 
we have found base pair changes every 50-100 bases. Some of these 
genes may have in the order of 20-25 polymorphisms. 

The question is, what does that mean?" Ruano continued. "There 
must be a way of quickly sorting out which of these genes are 
important." Enter pClasper, a shuttle vector that allows the 
company to easily take segments of DNA containing genes of 
interest and put them into yeast or bacterial cell lines, where 
they can be replicated in quantities suitable for high-throughput 
screening. The company was recently issued a U.S. Notice of 
Allowance on its pClasper patent. 

"You can validate isogenes two ways," said Ruano. "One way is with 
real life studies" using expressed gene variants as drug targets 
and see, ng how they behave. ThatCs the goal behind the pClasper 
technology. 

''The second way is through clinical outcomes," Ruano continued, 

and I eve got news for you - the two are connected." Genaissance 
hopes to partner with drug companies to do this kind of research 
during Phase II studies. He believes thatCs the best time to 
study genetic variants, since Phase III studies tend to have too 
many pat.ents and come too far along the development pathway. 

Think about the size of a Phase II study - i t has 200 to 300 
pat.ents. You need a very well-selected set of markers to be able 
to learn anything during a trial of that size", he said. "If you 
have 50,000 markers, how will you validate them in only 200 
patients? How will you have the time to do that?" 
One way or another, pharmacogenom i c hypotheses will need real-life 
validation. "There are ways of getting some good information from 
retrospective studies," Ruano. noted. "We are collecting some of 
tnat and analyzing correlations for existing drugs. But we are 
focused on developing drugs, so have to work with big pharma." 
Who Has the Winner? . 
All three ONA analysis approaches - electrophoresis, 
hybridization, and mass spectrometry - have been developed into 
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biochemical tests. Hyseq will create an annotated sequence 
database from the samples. 

"We have right now 5,000 samples to process, and will collect an 
additional 15.000 samples, 11 says Hyseq president and CEO Lewis 
Gruber. "We are in contact with the patients as well, and the 
study is intended to be expandable within the same area." 
Gruber acknowledges that this large a study poses some daunting 
challenges in terms of processing and analyzing patient data. "The 
data normalization i s to a large extent being done by UCSF 
people," he said. "We do have a large b i o i nf ormat i cs component to 
our company, with about 60 people working in that area. 
"The first part of the project is polymorphism analysis," he 
continues, from which the company wi 1 1 assemble its database. "The 
pharmacogenomi c portion is the next step - and again, we have 
access to these patients and can determine what drugs they are 
taking. We are looking to expand the polymorphism database into a 
pharmacogenomi c information database on specific drugs." 
Ultimately, the company intends to find pharmaceutical partners 
that will use the database for both existing and developmental 
drugs. 

While Genaissance seeks to narrow the genetic variants it 
discovers through its screening technologies, Hyseq hopes to focus 
on the right genes by picking the right samples. 

"The individual records in the database have been selected by our 
UCSF collaborators to provide important information - i.e. 80 year 
olds with no cardiovascular disease, 20 year olds with severe 
disease. And we'll have many people in each of these categories," 
explained Gruber. "That way you can select out the background. 
Then you can target analysis to those genes that are useful for 
pharmaceuticals. 

"Other companies have tended to take approaches that reduce the 
need for sequencing," he continued. "Our paradigm is the opposite: 
Because we have very fast sequencing, we can do what they can't 
because of cost and time. We can get more quickly at what people 
want, which is complete sequence analysis." 
How does one small pharmacogenomi c company feel about such a 
competitor? "That is a challenge for companies such as us," says 
Gena i ssance' s Ruano. "But remember - for us, pharmacogenom i cs is 
not a me-too approach. This is our heart and soul; I've been 
thinking about this for years. Our technology has been developed 
specifically for this application." 

DNA Analysis and pharmacogenom i cs - select approaches 
Company Technology 
Affymetrix Inc. Custom photolithographic 

(Santa Clara, CA) hybridization chip 

ChemCore Inc. Diagnostic microchips 

(Malvern, PA) 

GeneTrace Systems Inc. MALDI-TOF DNA analysis 

(Menlo Park, CA) 

Genaissance Pharmaceuticals Inc. Gel-based sequencing and 
(New Haven, CT) pClasper functional screening 

Genset SA Gel-based sequencing and 

(Paris, France) Functional Polymorphism 
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Hyseq Inc. 
(Sunnyvale, CA) 

Millennium Predictive Medicine 
Inc. (a division of Millennium 
Pharmaceuticals Inc.) 
(Cambridge, MA) 
Molecular Tool Inc. 
(a division of GeneScreen Inc.) 
(Baltimore, MD) 
Nanogen Inc. 
(San Diego, CA) 
PerSeptive BioSystems Inc. 
a di.vision of Perk i n-E lmer Corp 
(Frammgham, MA) 
Rapigene Inc. 

(a division of Chiroscience pic) 

(Seattle, WA) 
Sequenom Inc. 

(Hamburg, Germany) 
Synteni Inc. 

(a division of Incyte 
Pharmaceuticals Inc.) (Palo Alto, 
rm Bioscience Corp. 
(Toronto, Ontario, Canada) 
Variagenics Inc. 
(Cambridge, MA) 

Visible Genetics Inc. ' 
(Toronto, Ontario, Canada) 
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"Generic" hybridization arrays 
and sequencing 
DNA, RNA, and protein analysis 



Hybridization chips 



Hybridization chips 

MALDl-TOf protein and DNA 
analysis 

Hybridization arrays and mass 
spectrometry tags 

MALOI-TOF DNA analysis 

Hybridization arrays and 
scanners for DNA analysis 

Hybridization biochip 

Gel -based sequencing and 
Enzymatic Mutation Detection 
to identify mismatched DNA 

Gel electrophoresis-based DNA 
analysis system 
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than 0.01 V/K moles of binding agent. 



13. A method as claimed in claim 11, wherein said binding agents used 
have affinity constants for said analytes of from 10 sup 8 to 10 sup 13 
liters per mole. 

14. A method as claimed in claim 11, wherein said binding agents used 
have affinity constants for said analytes of the order of 10 sup 10 to 10 
sup 11 liters per mole. 

15. A method as claimed in claim 11, wherein the volume of said liquid 
sample is not more than 0.1 liter. 

16. A method as claimed in claim 11, wherein the volume of said liquid 
sample is 400 to 1000 microliters. 

17. A method as claimed in claim 9, wherein said binding agents loaded 
onto said support .means are antibodies for the analytes whose 
concentrations are to be determined. 
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ATTORNEY, AGENT, OR FIRM: Fishman, Irving M. ; Kaiser, Karen G. 

CLAIMS: 4 7 

EXEMPLARY CLAIM: 1 

DRAWING PAGES: 1 

DRAWING FIGURES: 1 

ART UNIT: 182 

ABSTRACT 

New devices and kits for solid-phase immuno-assays comprising a solid 
porous support, preferably in the form of a sheet, where antigens or 
immuno-globulins or both of them are bound by direct application in any 
suitable geometry, e.g. as an assay of dots or lines. Such porous supports 
are suitable for effecting an unlimited number of antibody-antigen 
reactions simultaneously and in one operation. 
What is claimed: 

1. An immunological analysis device consisting of a porous sheet of . 
nitrocellulose containing an array of preselected geometry of delimited 
absorption areas of at least one compound capable of specifically binding 
an antigen (antigen-reactive compound) which adheres tightly and does not 
spread out on the surface of said porous sheet, said array of preselected 
geometry being obtained in said porous sheet by applying liquid aliquots of 
said antigen-reactive compound to said porous sheet mechanically via direct 
contact, wherein residual absorption sited in said porous sheet are 
unsaturated or saturated by non-specific protein. 

2. The device of claim 1 wherein said antigen-reactive compound is an 
immunoglobulin of human or animal origin or a binding fragment thereof for 
the detection and quantitation of rheumatoid factor. 

3. The device of claim l wherein said antigen-reactive compound is a 
complement protein for the detection and quantitation of a circulating 
immune complex which circulating immune complex comprises an 
antigen -antibody complex. 
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20. The kit of claim 15 wherein said reagents of said indicator system 
comprise a substrate, a cofaetor or prosthetic group for an indicator 
enzyme, or a coupled series of enzymes. 

21. The kit of claim 15, wherein the reagents of said indicator system 
comprise a covalent adduct between an antigen and a signalling molecule. 

22 . A method of immunological analysis comprising 

(a) incubating the device of claim 1 wherein residual absorption sites in 
said porous sheet are saturated by non-specific protein, with a sample 
containing an immunoglobulin or other antigen to be detected; 

<b) incubating said device with a solution of an indicator selected from 
the group consisting of 

A) antibodies capable of forming "antigen-antibody complexes, wherein the 
antibody is radioactively labelled, conjugated with a fluorescent substance 
or conjugated with an enzyme capable of giving a color reaction with a 
suitable substrate, 

B) complement protein capable of binding to antigen -antibody complexes, 
wherein the complement protein is radioactively labelled, conjugated with a 
fluorescent substance or conjugated with an enzyme capable of giving color 
reaction with a suitable substrate, and 

C) complement protein and a further specific ant i- complement antibody, 
wherein the antibody is radioactively labelled, conjugated with a 
fluorescent substance or conjugated with an enzyme capable of giving a 
color reaction with a suitable substrate; 

(c) when the antibody or complement protein of step (b) is conjugated with 
an enzyme, incubating said device with a solution of said suitable enzyme 
substrate; and 

(d) detecting the signal of said indicator of step (b) . 

2 3'. The method of claim 22, wherein the incubation with a sample 
containing the immunogloblin or antigen to be detected is in the presence 
of non-specific proteins with regard to the immunoreactive compounds. 

24. The method of claim 22, wherein the indicator is selected from the 
group consisting of radioactively labelled antibodies, antibodies 
conjugated with a fluorescent substance, and antibodies conjugated with an 

* enzyme capable of giving a color reaction with a suitable substrate. 

25. A method of claim 22, wherein the indicator is a horseradish 
peroxidase conjugated antibody. 

26. An immunological analysis device consisting of a porous sheet of 
nitrocellulose containing an array of preselected geometry of delimited 
absorption areas of at least one antigen, which adheres tightly and does 
not spread out on the surface of- said porous sheet, said array of 
preselected geometry being obtained. in said porous sheet by applying liquid 
aliquots of said antigen to said porous sheet mechanically via direct 
contact, wherein residual absorption sites in said porous sheet are 
unsaturated or saturated by non-specific protein. 

27. The device of claim 26 wherein said porous sheet is from about 0.01 
to about 0.5 mm thick. 

28. The device of claim 27 wherein said porous sheet is about 0 . 1 mm 
thick. 

29. The device of claim 27 wherein said nitrocellulose has about 3 nitric 
acid groups per 6 carbon atoms. 

30. The device of claim 27 wherein said porous sheet has an average pore 
size of about 0.45 urn. 

31. The device of claim 27 wherein said array is an array of dots. 

• 32. The device of claim 27 wherein said array is an array of microdots 
having diameters less than 2 mm. 



33. The device of claim 27 wherein said array is an array of lines of 



supiorJbv a^m,™ Si*™ 26 Wherein said anti 9 en is a PP lied t0 "id 
support by a capillary tube, pipette, syringe, or spray. 

support;; vo d s: 0 fuil a ii an 2 i u ? erein said antigen is appiied to said 

saturated Jtl^l ll 26 . Wherein Said residual adsorption area is 

unSnS r^S rUm containin 9 substance, wherein said substance is 

undiluted total serum a total serum diluted with sodium chloride. 

biopsy^matSa? ^n^" "J?™ 1 " " ld anti96n iS 3 «*™tit««t of human 
Diopsy material, mammalian tissue, mammalian cells, body fluids funai 
protozoa, metazoan parasites, bacteria, mycoplasma, or viruses 9 

system tn^L^T?^"^! the device of claim 26 and reagents of an indicator 
system in pre-aliquoted or dessicated form to allow detection of an antigen 
-- antigen reactive compound complex. *""gen 

consisting^ ° f ° laim 38 Wherein said ind i«tor is selected from the group 

a n^KT ib0die !- ca P able of Arming antigen-antibody complexes, wherein the 
of coniuoated ^^ tiVely labeUed ' co W ted • fluorescent substance 

suitS^ubSraJ" 11 " 6nZyme ca P able of 9-ing a color reaction with a 

whir e in m Kr™ 1 Pr ° t ! in CapablS ° f binding t0 antigen-antibody complexes, 
" complement protein is radioactively labelled, conjugated with a 
fluorescent substance or conjugated with an enzyme capable of givinq color 
reaction with a suitable substrate, and giving color 

„£ir.- 0mpl ^ nt pr °^ e l n and a further specific anti -complement antibody, 
wherein the antibody is radioactively labelled, conjugated with a 
fluorescent substance or conjugated with an enzyme capable of givinq a 
color reaction with a suitable substrate. 99 a 

i 4 °K'-, The J kit ° f Claim 38 ' com Prising a multi -cavity plastic tray 
lyophilized mixtures of indicator antibody, salts, buffers, carrier ser^m 
°5 h S ' f" d Predetermined amounts of indicator enzyme chromogenic 

substrate salts, buffers, and ampoules containing pre-measured volumes of 
liquid substrates, all in suitable packaging. P 

41. The kit of claim 38 wherein said reagents of said indicator system 
comprise a substrate, a cofactor or prosthetic group for an indicator 
enzyme, or a coupled series of enzymes. 

42. The kit of claim 38, wherein the reagents of said indicator system 
comprise a covalent adduct between an antigen and a signalling molecule. ' 

sJ?^* A , method of immunological analysis comprising (a) incubating the 
. device of claim 26 wherein residual absorption sites in said porous sheet 
"l"|" ra ? ed b y ^-specific protein, with a sample containing an 
immunoglobulin to be detected; 

(b) incubating said device with a solution of an indicator selected from 
the group consisting of 

=^K antib ° die !. ca P able of forming antigen-antibody complexes, wherein the 
antibody is radioactively labelled, conjugated with a fluorescent substance 

!n^ C K? 3U9a u ed With an enzyrae ca Pable of giving a color reaction with a 
suitable substrate,- 

B) complement protein capable of binding to antigen-antibody complexes, 
wnerein the complement protein is radioactively labelled, conjugated with a 
tiuorescent substance or conjugated with an enzyme capable of qivinq color 
reaction with a suitable substrate, and 

whiro C ° mPl ! ment pro " in and 3 further specific anti -complement antibody, 
?w t antlbodv is radioactively labelled, conjugated, with a 
riuorescent substance or conjugated with an enzyme capable of giving a 
color reaction with a suitable substrate; ' 

■(c) when the antibody or complement protein of step (b) is conjugated with 
an enzyme, incubating said device with a solution of said suitable enzyme 
substrate; and 



### Status: Path 1 of [Dialog] 



JJ!in!; a ™ In i tializin 9 Tcp / IP "^ng (UseTelnetProto 1 ServicelD dialog.com) 
irying jiob. . .Open 

DIALOG INFORMATION SERVICES 

PLEASE LOGON: 

******** HHHHHHHH SSSSSSSS? 

### Status: Signing onto Dialog 
**★**★★* 

ENTER PASSWORD: 

******** HHHHHHHH SSSSSSSS? ******** 
Welcome to DIALOG 
### Status: Connected 

Dialog level 00.12.12D 

Last logoff: 25jan01 12:32:15 
Logon fileOOl 25jan01 15:37:22 
• NOTICE set ON to $20.00 
You will be prompted to confirm each TYPE or PRINT request where 
format charges exceeds $20.00 
Please enter SUBACCOUNT name/number: 
?3776-010140 LaunchCyte BEJ 

Is 3776-010140 LAUNCHCYTE BEJ the SUBACCOUNT you want to use? (Y/N) 

Subaccount is set to 3776-010140 LAUNCHCYTE BEJ 
*** NEW Current Year Ranges Install *** 

File 1:ERIC 1966-2001/Jan 16 

(c) format only 2001 The Dialog Corporation 

Set Items Description 

Terminal set to DLINK 
?b 411 

25jan01 15:38:40 User026066 Session D6238.1 
Sub account: 3776-010140 LAUNCHCYTE BEJ 
$0.19 0.056 DialUnits Filel 
'$0.19 Estimated cost Filel 
$0.40 TELNET 

$0.59 Estimated cost this search 

$0.59 Estimated total session cost 0.056 DialUnits 
File 411:DIALINDEX(R) 

DIALINDEX (R) 

(c) 2001 The Dialog Corporation pic 

*** DIALINDEX search results display in an abbreviated *** 
*** format unless you enter the SET DETAIL ON command. *** 

trat^a^^ ° r ° hiP? ° r biochi P ? > * nd (protein? or peptid? or subs 

>>>"(" command not valid in DIALINDEX. 

and^nz^r" 77 " ^ ° hiP? ° r biochi P ?) and (protein? or peptid? or substrat?) 

>»No files selected. Use SET FILES to choose at least two files; then use 
SELECT alone to reissue this SELECT statement. 

?sf all 

You have 576 files in your file list. 
(To see banners, use SHOW FILES command) 
?s-elect 



v, 



our SELECT statement is: 
• s (microarray? or array? or chip? or biochip?) and (protein? or peptid? 
or substrat?) and enzvm? p p 



Items File 
1 1: 



ERIC_1966-2001/Jan 16 



1164 si ^ SP ? C - 19 « : 200"l/j a n°W3 



3] s fr^o 13 Previews < R >_1969-2001/Jan W4 

31 6: NTIS_1964-2001/Feb Wl 

»! io 9 ; SS 7 & o^? / t r , - Jul/1994 - 2001/ ^ 24 

J fJ ! P ^INFO(R)_i 88 7-2001/Jan W3 

9 13: BAMP_2O01/Jan W2 

137 l": Mi^^ tal ( !? 9ineerin 9 Abs_1973-2001/Jan 

4in ? B 1 I/I?lform (R)_1971-2001/Jan 25 

5 Jr- : pfi 6 ^ r ° UP PROMT ( R )-1990-2001/Jan 24 

9 55: F&S I ndex(R)_1988-2001/Jan 24 

145 20-' S?; ™ S ™ NOTES_1974 -2001/ISS 200104 

4 2 °' " orld , Re P°"er_1997-2001/Jan 25 
28: beanie Abst ._1964 -2001/Jan 
29: Meteor. & Geoastro.Abs. 1970-2001/Feb 

009 IV ^ S1 f acific -1985 -2001/Jan 10 

009 34: SciSearch(R) cited Ref Sci 1990-2001/Jan W3 

6 IV ° 1SSe " atlon Abstracts Online 1861-2000/Dec 
6 40: Enviroline(R)_i975-2001/Jan " W000/Dec 

AO 41: Pollution Abs_1970-2001/Jan 

920 tV r q] t at n C Sci&Fish tos_1978-200i/Jan 

IBS C^^L^^?,^^ 1959 - 2 -^/^ 24 



5 

1009 



CAB Abstr acts_1972-2001/De? 
47 51: Food Sci.&Tech.Abs 1969-2001/Mar W4 
- 53: FOODLINE(R): Food Science & 



6 62. ^ 
Examined 50 files 



Technology_l972 -2001/Jan 24 
SPIN(R)_1975-2000/Nov W4 



1 67: World Textiles_1968-2001/Jan 
68: Env.Bib._l974-2000/Oct 

c cnn Jinn «. ~ > _ 



9 70: SEDBASE_1996/Jan Ql 
### Status: Break Sent. 

Your SELECT statement is: 
Items File 



1 9: 
19 
11 



J: aRT/rT & / I f dustr y (R '-Jul/l994-2001/Jan 24 " 
15: ABI/Inform(R)_i97i-2001/Jan 25 
4 20- Soi?H G o° UP PR0MT ' R ' -1990-2001/Jan 24 
39 IV ! Re P°rter_1997-2001/Jan 25 
Examined 50 riles * Ma9aZinS ° B <TM)_1959-2001/ Jan 24 

SO 88 5 ; GaL^roup^usines^^R ^S^llyViaou^ 1 

Examined 100 filef ^ News - 199 8-200l/Jan 25 

14 1 \IV ™ (Archiva l'-1980-2001/Jan W2 
14 141: Readers Guide_l983-2001/Dec 

59 \\V " a f M ^ ton Post Online 1983 -2001/ Jan 23 

32 4 i ?GG e Hea r itLw r n e & ^E 1976 -^2 001/ Jan 24 

: TGG Health&Wellness DB(SM) 1976-2001 /Jan un 

1 158: DIOGENES (R)_l976-2001/j an wi 2 °° 1/Jan W2 

Examined 150 fUes^" 1 Re 9 ister - 198 5-2001/Jan 25 ' 



2 229: Drug Info.. 2000/C3 
" ~ r,n files 



2 262: CBCA Fulltext_1982 - 2001/ Jan 

1 275: Gale Group Computer DB (TM) _1983 -2001/ Jan 22 



### Status: Break Sent. 

?s (microarray? or chip? or biochip?) and (protein? or peptid? or substrat?) and enzym? 
and (aerosol? or mist? or fog? or atomiz?) and scan? 

Your SELECT statement is: 

s (microarray? or chip? or biochip?) and (protein? or peptid? or 
substrat?) and enzym? and (aerosol? or mist? or fog? or .atomiz?) and scan? 

Items File 



8 * 15: ABI/Inform(R)__1971-2001/Jan 25 

4 16: Gale Group PROMT (R) _1990-200l/ Jan 24 
17 47: Gale Group Magazine DB (TM) _1959-2001/ Jan 24 
Examined 50 files 

1 75: TGG Management Contents (R) _86 -2001/ Jan Wl 
24 88: Gale Group Business A.R.T.S ._1976-200l/ Jan 23 

4 98: General Sci Abs/Full -Text_1984 -2001/Dec 

1 112: UBM Industry News_1998 -2001/ Jan 25 
Examined 100 files 

1 129: PHIND (Archival) _1980 -2001/Jan W2 

3 141: Readers Guide_1983 -2001/Dec 
30 148: Gale Group Trade & Industry DB_1976-2001/ Jan 24 
12 149: TGG Health&Wel lness DB (SM) _1976 -2001/ Jan W2 
23 180: Federal Register__1985-2001/ Jan 25 
Examined 150 files 

1 229: Drug Inf o ._2000/Q3 
Examined 200 files 

2 262: CBCA Fulltext_1982 -2 001/ Jan 
Examined 250 files 

45 348: EUROPEAN PATENTS_197 8 -2000/ Jan W02 

Processing 

>>>File 349 processing for PROTEIN? stopped at PROTE INSTRUKUREN 
>>>File 349 processing for PEPTID? stopped at 'PEPTID YLPHOSPHONATES 

PCT Fulltext_1983-200l/UB=20010118, UT=20010104 
Science_1996-1999/Jul W3 

PEDS: Defense Program Summaries_1999/May 

2S 

Current Contents Search (R) _1990-2001/Feb Wl 
AMA Journals_1982-2000/Oct B3 
New England Journal of Med . _1985 -2001/ Jan W4 
The 'Lancet_1986-2000/Oct Wl 

Periodical Abstracts Plustext_1986 -2001/ Jan W3 

2S 

Wilson Bus. Abs. FullText_1982 -2001/Dec 

Jane's Def ense&Aerospace_200l/ Jan W2 
KOMPASS Western Europe_2000/Sep 
San Jose Mercury^ Jun 1985-2001/ Jan 23 
Gale Group Newsletter DB (TM) _1987 -2001/ Jan 24 

2S 

US Patents Fulltext_1980-1989 

US Pat. Full. _1990-2001/Jan 23 
Federal News Service_1991-2001/ Jan 25 
The Seattle Times_1989-2001/Jan 22 
Examined 500 files 
Examined 550 files 

1 810: Business Wire_1986 - 1999/Feb 28 

33 files have one or more items; file list includes 576 files. 
One or more terms were invalid in 3 files. 

?b 15, 16, 47, 75, 88, 98, 112, 129, 141, 148, 149,229, 262 f 348, 370, 386,44 0,442,444,457,484, 553. 53 

7,5 90,634,636,652,654,660,707,810 

25jar.01 "5 : 5 9 : 2 0 Use rC 2 6 0 6 6 Session D6229.2 



513 


349 


1 


370 


4 


388 


Examined 


300 fi 


1 


440 


2 


442 


2 


444 


1 


457 


14 


484 


Examined 


350 fi 


1 


553 


Examined 


400 fi 


1 


587 


5 


590 


1 


634 


3 


636 


Examined 


450 fi 


9 


653 


ing 




129 


654 


5 


660 


1 


7 07 



Sub account: 3776-010140 LAUNCHCYTE BEJ 
$30.43 24.344 DialUnitS File411 
$30.43 Estimated cost File411 

$4.20 TELNET 
$34.63 Estimated cost this search 

$35.22 Estimated total session cost 24.399 DialUnits 

SYSTEM: OS - DIALOG OneSearch 

File 15:ABI/lnform(R) 1971-2001/ Jan 25 

(c) 2001 Bell & Howell 
File 16:Gale Group PROMT (R) 1990-2001/ Jan 24 

(c) 2001 The Gale Group 
File 47:Gale Group Magazine DB(TM) 1959-2001/Jan 24 

(c) 2001 The Gale group 
File 75:TGG Management Contents (R) 86-2001/ Jan Wl 

(c) 2001 The Gale Group 
File 88:Gale Group Business A.R.T.S. 1976-2001/Jan 23 

(c) 2001 The Gale Group 
File 98:General Sci Abs/Full-Text 1984 -2001/Dec 

(c) 2001 The HW Wilson Co. 
File 112:UBM Industry News 1998-2001/ Jan 25 

(c) 2001 United Business Media 
File 129 :PHIND (Archival) 1980-2001/Jan W2 
(c) 2001 PJB Publications, Ltd. 
♦File 129: Please note new price changes effective January 1, 2001. 
See Help Ratesl29 for details. 

File 141:Readers Guide 1983-2001/Dec 

(c) 2001 The HW Wilson Co 
File 148:Gale Group Trade & Industry DB 1976-2001/ Jan 24 
<c)2001 The Gale Group 
- File 149:TGG Health&Wellness DB(SM) 1976-2001/Jan W2 
(c) 2001 The Gale Group 
File 229:Drug Info. 2000/Q3 

(c) 2000 Amer.Soc.of Health-Systems Pharm. 

* F SV!!; runl l^S** be6n reloaded ' Accession Numbers have changed. 

File 262:CBCA Fulltext 1982 -2001/ Jan 

(c) 2001 Micromedia Ltd. 
File 348 : EUROPEAN PATENTS 1978 -2000/ Jan W02 

(c) 2001 European Patent Office 
File 370:Science 1996- 1999/ Jul W3 

(c) 1999 AAAS 
File 388:PEDS: Defense Program Summaries 1999/May 
(c) 1999 Forecast Intl/DMS 
♦File 388: PEDS is a closed file (will no longer update). 
File 440: Current Contents Search (R) 1990-2001/Feb Wl 
(c) 2001 Inst for Sci Info 
♦File 440: Please note new price changes effective January 1, 2001. 
See Help Rates440 for details. 

File 442:AMA Journals 1982 -2000/Oct B3 

(c)2000 Amer Med Assn -FARS/DARS apply 
♦File 442: There is no data missing. UDs have been adjusted to reflect 
the current months data. See Help News442 for details. 
File 444:New England Journal of Med. 1985-2001/Jan W4 

(c) 2001 Mass. Med. Soc. 
File 457:The Lancet 1986-2000/Oct Wl 
(c) 2000 The Lancet, Ltd. 

*l ile J* 1: . Due t0 Production changes at The Lancet, the updating of 

this file is delayed. 

File 484 Periodical Abstracts Plustext 1986-2001/Jan W3 

(c) 2001 Bell & Howell 
"File 553:Wilson Bus. Abs . FullText 1982-2001/Dec 

(c) 2001 The HW Wilson Co 
File 587: Janets Def ense&Aerospace 2001/Jan W2 

(C) 2001 JANETS INFORMATION GROUP 
File 590:KOMPASS Western Europe 2000/Sep 

(c) 2000 KOMPASS Intl. 
File 534: San Jcse Mercury Jun 1985-2001/Jan 23 
- 2j01 San Jose Mercury News 



File 636:Gale Group Newsletter DB (TM) 1987 -2001/ Jan 24 

(c) 2001 The Gale Group 
File 653 :US Patents Fulltext 1980-1989 

(c) format only 2001 The Dialog Corp. 
♦Pile 653: Reassignment data current through 7/25/2000 recordings - 
Due to recent processing problems, the SORT command is not working. 
File 654 :US Pat. Full. 1990 -2001/ Jan 23 

(c) format only 2001 The Dialog Corp. 
*File 654: Reassignment data current through 12/5/2000 recordings. 
File 660:Federal News Service 1991 -2001/ Jan 25 
(c) 2001 Federal News Service 
*File 660: Daily updates resumed January 28, 2000. Missing stories 
are available from October 18, 1999. See HELP NEWS 660 for more info. 
File 707:The Seattle Times 1989-2001/ Jan 22 

(c) 2001 Seattle Times 
File 810:Business Wire 1986 - 1999/Feb 28 
(c) 1999 Business Wire 

Set Items Description 



?s (microarray? or chip? or biochip?) and (protein? or peptid? or substrat?) and enzym? 

and (aerosol? or mist? or fog? or atomiz?) and scan? 
Processing 

Processed 10 of 31 files . . . 

Processing 

Processing 

Processed 20 of 31 files ... 
Processing 

Processed 30 of 31 files . . . 
Completed processing all files 
4716 MICROARRAY? 
1095418 CHIP? 

2067 BIOCHIP? 
1459304 PROTEIN? 
346284 PEPTID? 
760040 SUBSTRAT? 
673405 ENZYM? 
116687 AEROSOL? 
759660 MIST? 
166160 FOG? 
46249 ATOMIZ? 
1347081 SCAN? ' 

SI 334 (MICROARRAY? OR CHIP? OR BIOCHIP?) AND (PROTEIN? OR 

PEPTID? OR SUBSTRAT?) AND ENZYM? AND (AEROSOL? OR MIST? 
OR FOG? OR ATOMIZ?) AND SCAN? 

?print 1/5/1-334 

Estimated cost of output requested is: $1065.10 

Do you want to proceed with this PRINT request? Y = Yes N = No 

(Enter N if you are saving an Alert profile; the current PRINT will be cancelled.) 
?n 

PRINT Command cancelled. 
?print 1/4/1-334 

>>> FORMAT '04' not found in file 634. 
> > > FORMAT •04' not found in file 707. 

Estimated cost of output requested is: $822.35 

Do you want to proceed with this PRINT request? Y = Yes N = No 

(Enter N if you are saving an Alert profile; the current PRINT will be cancelled.) 
?n 

PRINT Command cancelled. 
?t 1/3/1 

1/3/1 (Item 1 from file: 15) 

DIALOG (R) File 15 :ABI/ Inform (R) 
(c) 2001 Bell Sc Howell. All rts. reserv. 



01973374 48023028 

Part 1: Apollo meets minerva: Health in 2025 



J, Wanda 



Health Forum Journal v43nl pp. ^ , Q T , 

JRNL CODE: HPF 2-29 Jan /Feb 2000 

WORD COUNT: 6027 

?t 1/6/1 

1/6/1 (Item 1 from file- i*\ 

01973374 48023028 15) - 

Parti. * n **USE FORMAT 9 FOR FULL TEXT** 
Part 1j Apollo meets minerva. Uaa uu • L~ 

Jan/Feb 2000 LENGTH : 7 PaTes " ^ 

WORD COUNT: 602 7 
?t 1/4/1 

»>Format 4 is not valid in file 634 
>»Format 4 is not valid in file 707 

1/4/1 (item 1 from file: 15) 

DIALOG (R) File 15:ABI/lnform(R) 
• (O 2001 Bell fi Howell. All rts. reserv. 

01973374 48023028 

^anda AP ° n ° meetS * 2025 

Health Forum Journal v43nl pp. „ , 0 T u 

DOC TYPE : Periodical; Feature LANGUAGE J p n/Fe V°°° «™L CODE: HPF 

LENGTH : 7 Pages LANGUAGE English RECORD TYPE: Fulltext 

WORD COUNT: 6027 

PrediCti0ns on the state of the health care industry is 2025 are 
?print 1/5/1-334 

Estimated cost of output requested is- $1065 10 
Ttllr TTt ^ P a r re Ce ^in g h an h Al S ' ™ ™ 

, y saving an Alert profile; the current print will be cancelled.) 

P056: PRINT 1/5/1-334. est. cost of $1065 10 

Estimated Postal surcharge ($0 .lo Record per copy, is $ 33.40 

;; 3 ;; TE! x-x- s as? * 30 — ■ 

50-59 0.110 DialUnits FilelS 
$1.55 l Type(s) in Format 3 
53.20 l Type(s) in Format 4 
$0.00 1 Type(s) in Format 6 
$4.75 3 Types . • • • 
<., c $ "- 60 8 Pr int (s) in Format 5 

s™ a* I : 1 Print transaction (s) 
$30.94 Estimated cost Filel5 

$1-20 0.222 DialUnits Filel6 

«i, «a"°° 4 Print < s > ^ Format 5 
„. $13.00 l Print transaction (s) 
>n.20 Estimated cost Filel6 

$0-79 0.145 DialUnits File47 
$36.55 17 Print (s) in Format 5 
$37 34 pf; 1 Print transaction (s) 
*J/.34 Estimated cost File47 

$0.16 0.037 DialUnits File75 
f 2 / 60 1 Print (s) in Format 5 

S2 7« I I- 1 Print transaction (s) 
$2-76 Estimated cost File75 

$0^70 0.158 DialUnits File88 
...551.60 24 Print (s) in Format 5 
521.60 1 Print transaction's! 



$52.30 Estimated cost File88 

$0.20 0.084 DialUnits File98 

$6.20 4 Print (s) in Format 5 
$6.20 1 Print transaction (s ) 
$6.40 Estimated cost File98 

$0.18 0.036 DialUnits Filell2 

$1.10 1 Print (s) in Format 5 
$1.10 1 Print transaction (s) 
$1.28 Estimated cost Filell2 

$1.46 0.057 DialUnits Filel29 

$4.80 1 Print (s) in Format 5 
$4.80 1 Print transaction (s) 
$6.26 Estimated cost Filel29 

$0.14 0.058 DialUnits Filel41 

$4.20 3 Print (s) in Format 5 
$4.20 1 Print transaction (s) 
$4.34 Estimated cost Filel41 

$1.10 0.203 DialUnits Filel48 
$81.00 30 Print (s) in Format 5 
$81.00 1 Print transaction (s) 
$82.10 Estimated cost Filel48 

$0.31 0.070 DialUnits Filel49 
$25.80 12 Print (s) in Format 5 
$25.80 1 Print transaction (s ) 
$26.11 Estimated cost Filel49 

$0.04 0.015 DialUnits File229 

$7.80 1 Print (s) in Format 5 
$7.80 1 Print transaction (s) 
$7.84 Estimated cost File229 

$0.33 0.058 DialUnits File262 

$4.20 2 Print (s) in Format 5 
$4.20 1 Print transaction (s) 
$4.53 Estimated cost File262 

$2.41 0.529 DialUnits File348 
$240.75 45 Print (s) in Format 5 
$240.75 1 Print transaction (s) 
$243.16 Estimated cost File348 

$0.12 0.033 DialUnits File370 

$1.40 1 Print (s) in Format 5 
$1.40 1 Print transaction <s) 
$1.52 Estimated cost File370 

$0.10 0.025 DialUnits File388 
$88.20 4 Print (s) in Format 5 
$88.20. 1 Print transaction (s) 
$88.30 Estimated cost File388 

$4.51 0.315 DialUnits File440 

$4.00 1 Print (s) in Format 5 
$4.00 1 Print transaction (s) 
$8.51 Estimated cost File440 

$0.14 0.031 DialUnits File442 

$8.90 2 Print (s) in Format 5 
$8.90 .1 Print transaction ( s) 
$9.04 Estimated cost File442 

$0.11 0.022 DialUnits File444 

$8.90 2 Print (s) in Format 5 
$8.90 1 Print transaction (s ) 
$9.01 Estimated cost File444 

$0.19 0.039 DialUnits File457 

$2.15 1 Print (s) in Format 5 
$2.15 1 Print transaction (s) 
$2.34 Estimated cost File457 

$0.58 0.118 DialUnits File484 
$30.80 14 Print (s) in Format 5 
$30.80 1 Print transaction (s) 
$31.38 Estimated cost File484 

$0.09 0.039 DialUnits File553 

$2.55 1 Print (s) in Format 5 
$2.55 1 Print transact ion ( s) 



$0.09 0.016 DialUnits FileS87 
$3.20 1 Print (s) in Format 5 
o ,o t 1 Print transaction (s) 

>J.29 Estimated cost File587 

$0.31 0.048 DialUnits File590 
5 Print < s > in Format 5 

«n n I 1 Print tra nsaction (s) 

S>14.31 Estimated cost File590 

$0.03 0.035 DialUnits File634 
$1.55 1 Print (s) in Format 5 

«i =o ! 1 Print transaction (s) 

?i.58 Estimated cost File634 

$0.34 0.064 DialUnits File636 
$9.75 3 Print (s) in Format 5 
i1n no ! 9 " 75 1 Print transaction (s) 
$10.09 Estimated cost File636 

$1-04 0.176 DialUnits File653 
$24.30 9 Print (s) in Format 5 

s „ * : 30 1 Print transaction (s) 
$<ib.34 Estimated cost File653 

$3.67 0.622 DialUnits File654 

-,J 3 "' 30 129 p rint (s) in Format 5' 

»ei D - i 3 1 Print transaction (s) 
$351.97 Estimated cost File654 

$0.02 0.020 DialUnits File660 
$7.75 5 Print (s) in Format 5 
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00768510 

NOVEL KINASES AND USES THEREOF 

NOUVELLES KINASES ET UTILISATIONS DE CBS DERNIERES 

Patent Applicant/Assignee: 

MILLENNIUM PHARMACEUTICALS INC, 75 Sydney Street, Cambridge, MA 02139, US 
, US (Residence) , US (Nationality) 
Inventor ( s ) : 

HODGE Martin R, 39 Crawford Street, Arlington, MA 02474, US 
MEYERS Rachel,- 75 Sidney Street, Cambridge, MA 02139, US 
WILLIAMSON Mark, 15 Stonecrest Drive, Saugus, MA 01906, US 

Legal Representative: 

SPRUILL W Murray, Alston & Bird LLP, P.O. Drawer. 34009, Charlotte, NC 
28234-4009, US 

Patent and Priority Information (Country, Number, Date) 

Patent: WO 200100879 Al 20010104 (WO 0100879) 

Application: WO 2000US18291 20000630 (PCT/WO US0018291) 

Priority Application: US 99345473 19990630; US 2000562480 20000501 

Designated States: AE AG AL AM AT AT (utility model) AU AZ BA BB BG BR BY 
BZ CA CH CN CR CU CZ CZ (utility model) DE DE (utility model) DK DK 
(utility model) DM DZ EE EE (utility model) ES FI FI (utility model) GB 
GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MA 
MD MG MK MN MW MX MZ NO NZ PL PT RO RU SD SE SG SI. SK SK (utility model) 
SL TJ TM TR TT TZ UA UG UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 
(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 
(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 
(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class :. C12Q-001/68 

•International Patent Class: C12Q-001/48; C12N-001/20; C12N-015/00; 

C12N-005/00; C12N-009/12; C07H-021/04; A61K-039/00; G01N-033/00; 

G01N-033/53; C07K-016/00 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 32580 
English Abstract 

Novel kinase polypeptides , proteins , and nucleic acid molecules are 
disclosed. In addition to isolated, full-length kinase proteins , the 
invention further provides isolated kinase fusion proteins , antigenic 
peptides , and anti-kinase antibodies. The invention also provides kinase 
nucleic acid molecules, recombinant expression vectors containing a 
nucleic acid molecule of the invention, host cells into which the 
expression vectors have been introduced, and nonhuman transgenic animals 
in which a kinase gene has been introduced or disrupted. Diagnostic, 
screening, and therapeutic methods utilizing compositions of the 
invention are also provided. 

French Abstract 

On decrit de nouveaux polypeptides , de nouvelles proteines et de 

nouvelles molecules d'acide nucleigue de kinase. Hormis des proteines 

kir.ssr isolees, er.tieres, la oresen^e inversion concerne egslement des 



proteines hybrides kinase, des peptides antigeniques et des anticorps 
anti-kmase. L ' invention concerne egalement des molecules d'acide 
nucleique kinase, des vecteurs d'expression de recombinaison contenant 
une molecule d'acide nucleique selon la presente invention, des cellules 
hotes dans lesquelles les vecteurs d'expression ont ete introduits et des 
ammaux transgemques non humains dans lesquels un gene kinase a ete 
mtroduit ou perturbe. On decrit egalement des precedes de diagnostic, de 
cnblage et de traitement dans lesquels on utilise les compositions selon 
la presente invention. 

Legal Status (Type, Date, Text.) 

Publication 20010104 Al With international search report 
?s si and (microarray?/ab or chip?/ab or biochip?/ab) 
381 SI 
31 M I CROARRAY ? / AB 
4112 CHIP7/AB 
23 BIOCHIP?/AB 

S2 4 SI AND (MICRO ARRAY ?/AB OR CHIP?/AB OR BIOCHIPVAB) 
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00713633 

NUCLEIC ACID ANALYSIS USING SEQUENCE ? TARGETED TANDEM HYBRIDIZATION 
ANALYSE D'ACIDES NUCLEIQUES PAR HYBRIDATION EN TANDEM CIBLEE SUR DES 
SEQUENCES 

Patent Applicant/Inventor: 

BEATTIE Kenneth Loren, 234 Open Range Road, Crossville, TN 38555 US 

US (Residence) , US (Nationality) 
MALDONADO RODRIGUEZ Rogelio, Cerrada Merced de'las Huertas #28, Mexico 
City, D.F. 11420, MX, MX (Residence), MX (Nationality) 
Legal Representative: 

ADLER Benjamin A, McGregor & Adler, 8011 Candle Lane, Houston, TX 77071 
US 

Patent and Priority Information (Country, Number, Date) : 

Patent; WO 200026412 Al 20000511 (WO 0026412) 

Application: WO 99US25693 19991102 (PCT/WO US9925693) 

Priority Application: US 98106655 19981102 

Designated States: CA JP MX 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

Main International Patent Class: C12Q-001/68 

International Patent Class: C12P-019/34; G01N-033/00 

Publication Language: English 

Filing Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 22669 
English Abstract 

The disclosed invention provides a novel method for analyzing genomic DNA 
and expressed sequences using auxiliary oligonucleotides, preannealed to 
the single-stranded target nucleic acid to form a partially duplex target 
molecule, offers several advantages in the analysis of nucleic acid 
sequences by hybridization to genosensor arrays or "DNA chips Also 
provided is a method for directly analyzing and comparing patterns of 
gene expression at the level of transcription in different cellular 
samples. 

French Abstract 

La presente invention concerne une nouvelle technique d' analyse de l'ADN 
genomique et des sequences exprimees, qui utilise des oliaonucleotides 
auxiliaires. ?realablemenr anneles avec I'acide nucleioue^monocatienaire 



cible pour former une molecule cible partiellement duplex. L' invention 
presente plusieurs avantages dans 1' analyse de sequences d'acide 
nucleique par hybridation avec des matrices de "genocapteurs 11 ou puces a 
ADN . L' invention concerne egalement un procede permettant d'analyser et 
de comparer directement des modeles d' expression genique au niveau de la 
transcription dans differents echantillons cellulaires. 

Legal Status (Type, Date, Text) 

Publication 20000511 Al With international search report. 
Examination 20000928 Request for preliminary examination prior to end of 

19th month from priority date 
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00678691 **Image available** 
MICRO FABRICATED CELL SORTER 
TRIEUR DE CELLULES MICROFABRIQUE 

Patent Applicant/Assignee: 

CALIFORNIA INSTITUTE OF TECHNOLOGY, CALIFORNIA INSTITUTE OF TECHNOLOGY , 
1200 East California Boulevard, Pasadena, CA 91125 , US • 
Inventor (s ) : 

QUAKE Stephen, QUAKE, Stephen , San Marino, CA , US 
FU Anne, FU, Anne , Hacienda Hills, CA , US 

ARNOLD Frances, ARNOLD, Frances , 629 S. Grand Avenue, Pasadena, CA 91105 
, US 

SPENCE Charles F, SPENCE, Charles, F. , Arcadia, CA , US 
Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9961888 A2 19991202 

Application: WO 99US13050 19990521 (PCT/WO US9913050) 

Priority Application: US 9886394 19980522; US 98108894 19981117 

Designated States: AE AL AM AT AU A2 BA BB BG BR BY CA CH CN CU CZ DE DK EE 
ES FI GB GD GE HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT LU LV 
MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG 
US UZ VN YU ZA ZW GH GM KE LS MW SD SL SZ UG ZW AM AZ BY KG KZ MD RU TJ 
TM AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI . 
CM GA GN GW ML MR NE SN TD TG 

Main International Patent Class: G01N-015/14; 

Publication Language: English 

Filing Language: English 

Fulltext Availability: 

Detailed Description » 
Claims 

Fulltext Word Count: 23518 
English Abstract 

The invention provides a microf abricated device for sorting cells based, 
on a desired characteristic, for example, reporter- labeled cells can be 
sorted by the presence or level of reporter on the cells. The device 
includes a chip having a substrate into which is microf abricated at 
least one analysis unit. Each analysis unit includes a main channel, 
having a sample inlet channel, typically at one end, and a detection 
region along a portion of its length. Adjacent and downstream from the 
detection region, the main channel has a discrimination region or branch 
point leading to at least two branch channels. The analysis unit may 
further include additional inlet channels, detection points, branch 
points, and branch channels as desired. A stream containing cells is 
passed through the detection region, such that on average one cell 
occupies the detection region at a given time. The cells can be sorted 
into an appropriate branch channel based on the presence or amount of a 
detectable signal such as an optical signal, with or without stimulation, 
such as exposure to light in order to promote fluorescence. 

French Abstract 

L ' invention concerne un dispositif microf abrique permettant de trier des 
cellules en fonction d • une caracteristique souhaitee. Des cellules 
r.arrruees oar un -araueur oeuvent par example etre triees en fonction de 



Chaque unite d^analyse TollrlS T ? m ° lnS Une unite d ' analyse, 
d' admission d'echantil 1™ ^I"!™ Canai ?«ncipal renfermant un canal 
zone de detection situee ie d W „!, 2 T extremit e- et une 

unite d' analyse. A proximite de cetce zonff ? U l0ngUeUr de ladi ^ 
celle-ci, ledit canal original de detect i°n, et en aval de 

point de ramification Senan^a deS Ln! ^ Z ° ne . de se P a "tion ou un 
d'analyse peut egaleme^t cotrenS S £ ^mificat Cette unite 
points de detection, de poS de Jamif CaMU * d ' admi "ion, de 
ramification que necessaire fm ™ 5 lcat * on < et d * canaux de 
ladite zone de dececcion de so^e o^enT' ""^ *** C6llules ^rse 
cette zone de detection a un IZl ^s m °y enne - une cellule occupe 
' triees dans un C «S £ JaSfSjL^' ^ CeUuleS P e ^nt .donc etre 
presence ou de la quantite d'un s^nJT^ 16 ' en foncti °* de la 
optique, et ce avec^n llL ? ", 9 al detec table comme un signal 

^ieVdestL%eTf^^ ^ a la 

Legal status (Type, Date, Text) 

Correction 200 00 6 02 Corrected version of Pamphlet: pages l/XS-iSAs 

drawxngs, replaced by new pages l/l|!? 4 /14 due to 
late transmittal by the receiving Office 
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00643938 **Image available** 
INTEGRATED CIRCUIT BIOCHIP MICROSYSTEM 

"SSSJSSSS ^.S—'p'o^ m -« 

37831-8243 , US ^carboro Road, P.O. Box 2009, Oak Ridge, TN 

Inventor (s): 

VO-DINH Tuan, VO-DIMH Tnan n, 1fl - 

^ ^ Tuan » 1231 8 ^ver Oaks Point, Knoxville, TN 37922 

WINTENBERG Alan, WINTENBERG, Alan 1152! » * ■ nn 

TN 37922 , us ' 521 N - Mon ticello Drive, Knoxville 

ER TN CS ?7922 iU °; s N ' ERICS0N ' Milt0n ' N ' • "17 Moorgate Drive, Knoxville, 

Pa pa e tent nd Pri ° rity Info ™tion (Country, Number , Date) , 
ADDHcation W ° " 27140 A1 19990603 

De n 9 srs r;;r/»r/ a "/ D ;» a - - » « - « - » 

5 X S S S S S 5 S S 5 £ « « - 2 ™ " 5 X S S 

CH CY DE DK EE FI FR GB GR IE II S £ « St S " G 0 TJ ™ « » 

GB ML MR NE SN TD TG L PT SB BP BJ CF « CI « <» ON 

^itfuication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 32983 
English Abstract 

d T e h ;ig P n r e e d e co ^^^^ self contained miniature biosensor 
Polypeptides Ind poWiJotS^ J" in P a "^lar 

-ay- be detected wiSo^c externa I'Jonl**™* 1 *' hybridized ™cleic acids 
miniaturized bxosensor comprises mult ol^biol ^ transmiss i°* • The 
such as DNA orobes ex- ■ P biological sensing elements 

^ -P^cal-de^ccors^?? ° s -»": 1 :nr=a~ a -f amPlin9 *<^PPe d 



electro-optics, and a biotelemetric radio frequency signal generator all 
contained on a single integrated circuit, or "biochip The novel 
integrated circuit biochip microsystem (ICBM) is suitable for gene 
analysis and will allow rapid, large-scale-, and cost-effective production 
of biochips useful in the detection of biological compositions, 
" including the development of multi -array gene chips . 

French Abstract 

La presente invention concerne un biodetecteur miniature monobloc concu 
pour detecter des molecules cibles specif iques, notamment des 

polypeptides 'et des polynucleotides. Par exemple, des acides nucleiques 
hybrides peuvent etre detectes sans surveillance externe ni transmission 
de signaux. Le biodetecteur miniaturise comprend plusieurs elements 
biologiques de detection tels que les sondes d'ADN, des microlasers . 

' d ■ excitation, un guide d'ondes d 1 echantillonnage equipe de detecteurs 
optiques (fluorescence et diffusion Raman) , des dispositif s electro- 
optiques, et un generateur de signaux HF biotelemetriques , composants qui 
sont tous disposes sur un seul circuit integre, ou "biopuce". Le nouveau 
microsysteme sous forme de biopuce convient a l 1 analyse genique et permet 
une production rapide, a grande echelle, et rentable de biopuces utiles 
pour la detection de compositions biologiques, ainsi que pour la mise au 
point de puces d' analyse genique multi-voie. 
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ELECTROSPRAYING SOLUTIONS OF SUBSTANCES FOR MASS FABRICATION OF CHIPS AND 
LIBRARIES 

ELECTROVAPORI S ATION DE SOLUTIONS DE SUBSTANCES POUR LA FABRICATION EN MASSE 
DE BIOPUCES ET DE BIBLIOTHEQUES DE BIOPUCES 

Patent Applicant/Assignee: 

NEW YORK UNIVERSITY, NEW YORK UNIVERSITY , 70 Washington Square South, 
New York, NY 10012 , US 
Inventor (s) : 

MOROZOV Victor N, MOROZOV, Victor, N. , Apartment 3K, 14 Washington 
Place, New York, NY 10003 , US 

MOROZOVA Tamara Ya, MOROZOVA, Tamara, Ya. , Apartment 3K, 14 Washington 
Place, New York, NY 10003 US 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 9858745 Al 19981230 

. Application: WO 98US12768 19980619 (PCT/WO US9812768) 

Priority Application: US 9750274 19970620; US 9755287 19970813 
Designated States: AU CA JP NZ US AT BE CH CY DE DK ES FI FR GB GR IE IT LU 

MC NL PT SE 

Main International Patent Class: B05B-005/00; 

International Patent Class: B05B-005/025 ; B05B-012/00; B05C-005/02; 

B05D-001/04; B05D-001/06; B05D-001/32; B05D-001/36; B05D-003/00; 

GOIN-021/00; G01N-027/00; G01N-033/50; B01D-059/44; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word- Count: 23563 
English Abstract 

A method of fabricating deposits of non-volatile substances, including 
biomacromolecules , in the form of spots and films on a substrate 
surface by electrospray , where the deposits are used to determine the 
interaction of the deposited non-volatile substances to other substances. 
Also included in this method is the mass fabrication on a single chip 
of an array of single and multicomponent microsamples . 

French Abstract 

Cezze invention se rapporte a un. procede permettant de former des depots 
de substances non vol at lies, notamment de biomacromolecules, sous la 
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(c) 2001 The HW Wilson Co. All rts . reserv. 

04 370805 H.W. WILSON RECORD NUMBER: BGSA00 120805 (USE FORMAT 7 FOR 

FULLTEXT) 

Beyond the human genome . 

Ezzell, Carol 

Scientific American v. 283 nol (July 2000) p. 64-9 
SPECIAL FEATURES: il ISSN: 0036-8733 

LANGUAGE: English 
COUNTRY OF PUBLICATION: United States 

RECORD TYPE: Abstract; Full text RECORD STATUS: Corrected or revised 
record 

WORD COUNT: 3500 

ABSTRACT: Part of a special section on the current state of genomics and 
the new applied fields that are set to make use of the deciphered human 
genome. The new industry of proteomics is emerging to capitalize on gene 
expression and the study of the proteins the genes encode. Researchers 
will soon direct their attention toward the transcriptome , the body of 
mRNAs produced by a cell at any given time, and the proteome, all the 
proteins manufactured according to the mRNAs 1 instructions. Determining 
the precise structural form of each protein in" the human proteome should 
aid drug designers in devising chemicals to fit the slots on the proteins 
that either activate them or prevent them from interacting. Some experts 
estimate that the pharmaceutical industry will, in the next decade, be 
faced with assessing up to 10,000 human proteins against which new 
therapeutics could be directed, possibly 25 times the total number of drug 
targets evaluated thus far. 

DESCRIPTORS : 

Genetic code- -Man; Gene expression- -Man; DNA chips ; Proteins -- 
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ABSTRACT: Part of a special section on the current state of genomics and 
the new applied fields that are set to make use of the deciphered human 
genome. The new industry of proteomics is emerging to capitalize on gene 
expression and the study of the proteins the genes encode. Researchers 
will soon direct their attention toward the transcriptome, the body of 
mRNAs produced by a cell at any given time, and the proteome, all the 
proteins manufactured according to the mRNAs ' instructions. Determining 
the precise structural form of each protein in the human proteome should 
aid drug designers in devising chemicals to fit the slots on the proteins 
that either activate them or prevent them from interacting. Some experts 
estimate that the pharmaceutical industry will, in the next decade, be 
faced with assessing up to 10,000 human proteins against which new 
therapeutics could be directed, possibly 25 times the total number of drug 
targets evaluated thus far. 

TEXT: 

Genes are all the rage right now, but in a sense, at this very moment, 
they are also becoming passe. Now that all the 100,000 or so genes that 
make up the human genome have been deciphered, a new industry is emerging 
to capitalize on when and where those genes are active and on identifying 
and determining the properties of the proteins the genes encode. The 
enterprise, which has so far attracted hundreds of millions of dollars in 
venture capital and other financing, can be lumped under the newly coined 
term "proteomics." 

"The biggest issue for genomics today is no longer genes," asserts 
William A. Haseltine, chairman and chief executive officer of Human Genome 
Sciences in Rockville, Md. "What's interesting is what you do with those 
genes . " 

"We have to move on to understand the other elements of the biological 
process % and couple all this information together," agrees Peter Barrett, 
chief business officer of Celera Genomics, also in Rockville, the company' 
that raced the publicly funded Human Genome Project to sequence the human 
genome see "The Human Genome Business Today," on page 50 . "People took it 
for granted that the human genome would be done this year. Now it's 'What 
do we do next ? 1 " 

What's next, for the most part, are messenger RNAs (mRNAs) and 
proteins . If DNA is the set of master blueprints a cell uses to construct 
proteins , then mRNA is like the copy of part of the blueprint that a 
contractor takes to the building site every day. DNA remains in the nucleus 
of a cell; mRNAs transcribed from active genes leave the nucleus to give 
the orders for making proteins . 

Although every cell in the body contains all of the DNA code for 
making and maintaining a human being, many of those genes are never "turned 
on," or copied into mRNA, once embryonic development is complete. Various 
other genes are turned on or off at different times- -or not at 
all --according to the tissue they are in and their role in the body. A 
pancreatic beta cell, for instance,, is generally full of the mRNA 
instructions for making insulin, whereas a nerve cell in the brain usually 
isn't. 

Scientists used to think that one gene equals one mRNA equals one 
protein , but the reality is much more complicated. They now know that one 
gene can be read out in portions that are spliced and. diced to generate a 
variety of mRNAs and that subsequent processing of the newly made proteins 
that those transcripts encode can alter their function. The DNA sequence 
of the human genome therefore tells only a small fraction of the story 
about what a specific cell is doing. Instead researchers must also pay . 
attention to the transcriptome- -the body of mRNAs being produced bv a cell 



at any given time--and the proteome, all the proteins being made 
according to the instructions in those mRNAs . 

CASHING IN ON CHIPS 
One of the technologies for studying the human transcriptome is the 
GeneChip system developed by Affymetrix in Santa Clara, Calif.. The. system 
is based on thumbnail -size glass chips called microarrays that are 
coated with a thin layer of so-called cDNAs , which represent all the mRNAs 
made by a particular type of cell. (The abbreviation cDNA stands for 
complementary DNA; it is essentially mRNA artificially translated back into 
DNA, but without the noncoding sequence gaps, or introns, found in the 
original genomic DNA.) 

To use the system, scientists isolate mRNA from their cellular sample, 
tag it with a chemical marker and pour it over the chip . By observing 
where the sample mRNA matches and binds to the cDNA on the chip , they can 
identify the mRNA sequences in their sample. Earlier this year Affymetrix 
launched two new sets of chips for analyzing human cell samples. One 
allows researchers to identify more than 60,000 different human mRNAs ; the 
other can screen cells for roughly 1,700 human mRNAs related to cancer. 

The National Cancer Institute in Bethesda, Md., has been examining the 
mRNAs produced by various types of cancer cells for more than two years 
now, in a project called the Human Tumor Gene Index. The index is a 
partnership between government and academic laboratories as well as a 
group of drug companies that includes BristolMyers Squibb, Genentech, Glaxo 
Wellcome and Merck. So far they have identified more than 50,000 genes that 
are active in one or more cancers. For instance, the index has found that 
5,692 genes are active in breast cancer cells, including 277 that are not 
active in other tissues. Compounds that home in on the proteins produced 
by those 277 genes might serve as good cancer drugs with fewer side effects 
than current chemotherapies. The National Cancer Institute has also 
recently begun a multi -million-dollar Tissue Proteomics Initiative in 
conjunction with the U.S. Food and Drug Administration to identify 
proteins involved in cancer. 

At bottom, mRNA studies are just a means to better understand the 
proteins in a cell's production line- -after all, the proteins are the 
drug targets. And with researchers expecting that the 100,000. or so human 
genes will turn out to produce more than a million proteins , that's a lot 
of targets. Jean-Francois Formela of Atlas Venture in Boston estimates 
-that within the next decade the pharmaceutical industry will be faced with 
evaluating up to 10,000 human proteins against which new therapeutics 
might be directed. That's 2 5 times the number of drug targets that have 
been evaluated by all pharmaceutical companies since the dawn of the 
industry, he says. 

Mark J. Levin, CEO of Millennium Pharmaceuticals in Cambridge, Mass., 
says that large pharmaceutical companies, or "big pharma, " need to identify 
between three and five new drug candidates a year in order to grow 10 to 20 
percent a year- -the minimum increase shareholders will tolerate. "Right now 
the major pharma companies are only delivering a half to one-and-a- half 
entities a year," Levin explains. "Their productivity will not sustain 
their ability to continue to develop and create shareholder value." 
Millennium has a relationship with Bayer to deliver 225 pretested 
"druggable" .targets within a few years. 

"Protein expression is now capturing the imagination of scientists,"' 
comments Randall w. Scott, .chief scientific officer of Incyte Genomics in 
Palo Alto, Calif. "It's being, able to look not just at a gene and how it's 
expressed, but at the forms of the protein 

PROTEIN MACHINES 

Scientists at the DNA- sequencing juggernaut Celera are among those getting 
interested in the study of protein expression, or proteomics. Celera has 
been in negotiations with GeneBio, a commercial adjunct of the Swiss 
Institute for Bioinf ormatics in Geneva, to launch a company dedicated to 
deducing the entire human proteome . Last year Denis F. Hochstrasser , one of 
the founders of GeneBio, and his colleagues published plans for a molecular 
scanner that would automate the now tedious process of separating and 
identifying the thousands of protein types in a cell. 

The current rr.ezhod for studying proteins consists in part of a 
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genomes. The company has an ongoing alliance with Schering-Plough, for 
instance, to plumb the biochemical interactions of proteins encoded by a 
gene called MMAC1, which when mutated can lead to brain and prostate 
cancer . 

Another way to study proteins that has recently become available 
involves so-called protein chips . Ciphergen Biosystems, a. biotechnology 
company in Palo Alto, is now selling a range of strips for isolating 
proteins according to various properties, such as whether they dissolve 
in water or bind to charged metal atoms. The strips can then be placed in 
Ciphergen' s chip reader, which includes a mass spectrometer, for 
identifying the proteins . 

One of the initial uses of Ciphergen' s protein chips has been in 
finding early markers for prostate cancer. Last December, George L. Wright, 
Jr., of Eastern Virginia Medical School in Norfolk reported using 
Ciphergen' s system to identify 12 candidate "biomarkers" for benign 
prostatic disease and six such biomarkers for prostate cancer. Tests based 
on the proteins might be better at discriminating between benign and 
cancerous prostate conditions than the currently available prostate 
specific antigen (PSA) assay. 

"THE STRUCTURE'S THE THING 
Identifying all of the proteins in a human is one thing, but to truly 
understand a protein 's function scientists must discern its shape and 
structure. In an article in Nature Genetics last October, a group of 
well-known structural biologists led by Stephen K. Burley of the 
Rockefeller University called for a "structural genomics initiative" to use 
quasi -automated x-ray crystallography to study normal and abnormal 
proteins . 

Conventional structural biology is based on purifying a molecule, 
coaxing it to grow into crystals and then bombarding the sample* with 
x-rays. The x-rays bounce off the molecule's atoms, leaving a diffraction 
pattern that can be interpreted to yield the molecule's overall three - 
dimensional shape. A structural genomics initiative would depend on 
scaling up and speeding up the current techniques . 

The National Institutes of Health is poised to award $20 million in 
grants this year for structural genomics to academic centers. And companies 
are getting into the game, too: Syrrx in La Jolla, Calif., Structural 
GenomiX in San Diego, and Chalon Biotech in Toronto are founded on 
developing so-called high- throughput x-ray crystallographic techniques. 

Knowing the exact structural form of each of the proteins in the 
human proteome should, in theory, help drug designers devise chemicals to 
fit the slots on the proteins that either activate them or prevent them 
from interacting. Such efforts, which are generally known as rational drug 
design, have not shown widespread success so far- -but then only roughly 1 
percent of all human proteins have had their structures determined. After 
scientists catalogue the human proteome, it will be the proteins --not 
the genes --that will be all the rage. 

Added material 

Carol Ezzell, staff writer 
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PAYOFF OF GENOMICS will come in the new fields of transcriptomics and 
proteomics, which concentrate on determining when and where genes are 
active and on identifying the proteins that those genes encode. JEFF 
JOHNSON (opposite page) ; PAUL HARRISON AND MARK GERSTEIN Yale University ( 
protein structure); JULIO E. CELIS Danish Center for Human Genome 
Research, Aarhus (2-D gel) 

IDENTIFYING UNKNOWN PROTEINS 
1 Run sample on a two-dimensional gel, which separates proteins according 
to charge (pH) in one direction and mass in a perpendicular direction 

2 Cut an unknown protein spot from the gel 

3 Use enzymes to chop the protein into pieces; drop spots of the 
solution onto a test plate and load into a mass spectrometer 

4 Computer generates a plot of protein pieces according to their 
mass. The plot serves as a fingerprint for identifying the original 
protein 

FINDING PROTEINS THAT INTERACT 
One technique, called the yeast two-hybrid system, relies on bringing into 
close proximity two halves (a and b) of a protein that activates a gene 
that causes a yeast cell to turn blue. It is used to determine which of a 
pool of unknown "prey" proteins binds to a known "bait" protein . 

1 Insert DNA encoding a known "bait" protein linked to DNA for half 
(a) of the activator protein 

2 Insert DNA for the other half (b) of the activator protein linked 
to DNA encoding random "prey" proteins 

3 Look for color change, which indicates "prey" protein bindinq to 
"bait" 

THE MAJOR PLAYERS 
CIPHERGEN BIOSYSTEMS 

www.ciphergen.com Plans to go public this year 
Headquarters: Palo Alto, Calif. 

Lead Executive: William E. Rich, president and CEO 

Major Clients/Partners: Human Genome Sciences, Parke-Davis, Aventis, 
SmithKline Beecham 

Strategy: Manufacturing and marketing instruments and chips for 
protein identification. 

Financing This Year: $28.6 million 

Key Challenge: Generating widespread acceptance of mass spectrometry 
as a common laboratory tool . 

Competitive Advantage: A pioneer in using mass spectrometry in 
protein analysis. 

CURAGEN 
www . curagen . com 

Stock Symbol: CRGN 
Headquarters: New Haven, Conn. 

Lead Executive: Jonathan M. Rothberg, president, chairman and CEO 

Major Clients/Partners: Pioneer Hi-Bred International, Genentech, 
Biogen, Glaxo Wellcome 

Strategy: Using proteomics to find new drug targets for the company 
and its partners. 

Financing This Year: $150 million 

Key Challenge: Advancing the company's proteomic technologies while 
developing its own drugs. 

Competitive Advantage: Large capacity for mapping the interactions of 
proteins . 

HYBRIGENICS 
www.hybrigenics.com Privately Held 

Headquarters: Paris 

Lead Executive: Donny Strosberg, CEO 

Major Clients/Partners: Inst i tut Pasteur, BioSignal, Lynx Therapeutics 
Strategies: Providing cell-wide protein interaction maps and drug 



target discovery and validation services. 
Financing This Year: Not disclosed 
Key Challenge: Expanding visibility in the U.S. 

Competitive Advantage: Delivers thorough analyses with sophisticated 
bioinf ormatics . 

LARGE SCALE BIOLOGY 
www.lsbc.com Plans to go public this year 
Headquarters: Vacaville, Calif. 

Lead Executive: Robert L. Erwin, chairman and CEO 

Major Clients/Partners: Glaxo Wellcome Procter & Gamble, Novartis, 
Genentech, Dow 

Strategy: Providing protein -focused technologies and information to 
the life sciences industry. 

Financing This Year: Not available 

Key Challenge: Integrating and promoting business successfully on the 
heels of its recent merger and initial public offering. 

Competitive Advantage: 15 years' experience in proteomics. 

OXFORD GLYCOSCIENCES 
www. ogs . com 

Stock Symbol: OGS (London) 

Headquarters: Oxford, England 

Lead Executive: Michael Kranda, CEO 

Major Clients/Partners: Pfizer, Bayer, Merck, G.D. Searle, Incyte 
Genomics 

Strategy: Using proteomics and the study of sugar molecules attached 
to proteins (glycobiology and glycochemistry) to discover new 
therapeutics and diagnostics. 

Financing This Year: L 33.2 million ($49.5 million) 

Key Challenge: Seeing clinical validation of its efforts. 

Competitive Advantage: Highly automated, large-scale analyses of 
protein levels. 

MYRIAD GENETICS 
www.myriad.com 

Stock Symbol : MYGN 
Headquarters: Salt Lake City 

Lead Executive: Peter D . Meldrum, director, president and CEO 

Major Clients/Partners: Bayer, Eli Lilly, Pharmacia, Novartis, Roche, 
Schering and Schering-Plough 

Strategies: Selling genetic tests; providing data on protein - 
protein interactions to help clients find drug targets. 

Financing This Year: None 

Key Challenge: Running a service business along with developing its 
own drugs and maintaining its molecular diagnostics business. 

Competitive Advantage: Established company that is expanding its 
business with strong partners. 

AFFYMETRIX 
www. af fymetrix. com 

Stock Symbol : AFFX 

Headquarters: Santa Clara, Calif. 

Lead Executive: Stephen P. A. Fodor, chairman and CEO 

Major Clients/Partners: Has installed more than 250 GeneChip systems 
worldwide 

Strategy: Selling gene chips and chip scanners for research and 
diagnostic use. 

Financing This Year: $150 million 

Key Challenge: Finding new markets for its chips and scanners. 
Competitive Advantage: The first company to make a business out of 
gene chips . 

PAUL HARRISON AND MARK GERSTEIN Yale University; SOURCES : THE 
COMPANIES LISTED HERE; JAMES D. MCCAMANT AND KIMBERLY TANNER Medical 
Technology Stock Letter 
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TEXT : 

Genes are all the rage right now, but in a sense, at this very moment, 
they are also becoming passe. Now that all the 100,000 or so genes that 
make up the human genome have been deciphered, a new industry is emerging 
to capitalize on when and where those genes are active and on identifying 
and determining the properties of the proteins the genes encode. The 
enterprise, which has so far attracted hundreds of millions of dollars in 
venture capital and other financing, can be lumped under the newly coined 
term "proteomics . " 

"The biggest issue for genomics today is no longer genes," asserts 
William A." Haseltine, chairman and chief executive officer of Human Genome 
Sciences in Rockville, Md. "What's interesting is what you do with those 
genes . " . - 

"We have to move on to understand the other elements of the biological 
process and couple all this information together," agrees Peter Barrett, 
chief business officer of Celera Genomics, also in Rockville, the company 
that raced the publicly funded Human Genome Project to sequence the human 
genome see "The Human Genome Business Today , " on page 50 . "People took it 
for granted that the human genome would be done this year. Now it's 'What 
do we do next ? 1 " 

What's next, for the most part, are messenger RNAs (mRNAs) and 
proteins . If DNA is the set of master blueprints a cell uses to construct 
proteins , then mRNA is like the copy of part of the blueprint that a 
contractor takes to the building site every day. DNA remains in the nucleus 
of a cell; mRNAs transcribed from active genes leave the nucleus to give 
the orders for making proteins . 

Although every cell in the body contains all of the DNA code for 
making and maintaining a human being, many of those genes are never "turned 
on," or copied into mRNA, once embryonic development is complete. Various 
other genes are turned on or off at different times--or not at 
all- -according to the tissue they are in and their role in the body. A 
pancreatic beta cell, for instance, is generally full of the mRNA 
instructions for making insulin, whereas a nerve cell in the brain usually 
isn ' t . 

Scientists used to think that one gene equals one mRNA equals one 
protein , but the reality is much more complicated. They now know that one 
-er.e zar. be read out in cordon- "hat are soiiced and diced to generate a 
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now, in a project called thl u, f ells for more tha n two years 

partnership be"een oovfrn^n? 2 ^ ° ene Index " The ind « is a 
group of dr u rcompLiertharLclu d aCa S emiC ^"torie. as well as a 
Wellcome and Merck So far thej nave idenH^T" SqUibb ' Genen tech, Glaxo 
. are active in one or more cancers For instfn- T ^ 5 °' 000 * enes that 
5,692 genes are active in breS" cancer ^ the ^ndex has found that 

active in other tissues. Compounds Sat St' , 1DCludln 9 277 that are not 
by those 277 genes might serve as Q 0 f ° n the P^teins produced 

than current chemotherapies The NatLn^ r ™ 9 *r Wlth fewer side effe "s 
recently begun a multi-million Jon S CanCer Insti t"te has also 
conjunction with the U s S 3 ^ TlSSUe Prot eomics Initiative in 
proteins involved in cancer ^ Administ ration to identify 

At bottom, mRNA studies are incr * mc __ _ . 
proteins in a cell's production ine--aft er all the" u » d ? rit " d the 
drug targets. And with re^ar^lV* U ' the P r °teins are the 

genes will turn out l 0 produce .0^ ^?^^??^ 10 °' 000 ° r SO human 
of targets. Jean-Francois Formela of Slas ^o"" 8 ' that ' S 3 lot 

that within the next decadehhf „>, • Venture ln B °ston estimates 

evaluating up to Jo^S human h * J^^tical industry will, be faced with 
might be directed That's ^tim! Which new therapeutics 
been evaluated by all oh™ «i ? * nUmber 0f dru 9 targets that have 
industry, ne says. P harmaceut ical companies since the dawn of the 

says S l^^^^ti^ 1 ^- 9 '^^^ in C ^ id ^ 
between three^nd f™ new drua cSdat^^ " bl9 Pharm3 ' " need t0 identif V 
percent a vear n,. 9 candlda tes a year in order to grow 10 to 20 

Millennium hL . "P'"" 6 5? devel °P and create shareholder value « 
" d S" C ° pretested" 

commencs r 1andall^ re sco?t ^h^f Ca ? tUrin * the imagination of scientists," 
Palo Alto, ?al /"It Tneini !Le C r lentlf v C 0ffiCer ° f InCyte Genomics in 
expressed, but at til forTZ ? ro ll£ T ^ 3t 9 9ene and how 

PROTEIN MACHINES 

interested in tne SSST^S ■ jU " ernaUt . Celera »" a -n9 those getting 
been in negotiations with r!n!n ex P^ssion, or proteomics. Celera has 
Institute for "o°nforn,?^ * commerclal adjunct of the Swiss 

deduce ,11' J: ;" f ° r !^ 1CS ln Geneva ' to launch a company dedicated to 

- r. numan protecme. Last year Denis F. Hochstrasser, one of 



sctnrZ till ^ 1° ' and hiS collea 9 ues Published plans for a molecular 
scanner that would automate the now tedious process of separating and 
identifying the thousands of protein types in a cell. eparaClng ana 

tBr . h The ° Ur ff n ^ meth ° d for studying proteins consists in part of a 
technique called two-dimensional gel electrophoresis, which separates 
proteins by charge and size. In the technique, researchers squirt a 
" 1 "|°"° f « U c ° ntents onto a ""row polymer strip that has a gradient 
LZ*l%\ t ^ 1 Strip 15 exposed to an electric current, each protein 
in the mixture settles into a layer according to its charge. Next, the 

lllil "1 P J aC al ° n9 the . edge of a fla * gel and exposed to electricity 
again. As the proteins migrate through the gel, they separate according 
to their molecular weight. What results is a smudgy pattern of dots each 
of which contains a different protein . 

, h^ In academic laboratories, scientists generally use a tool similar to 
? rt i°;?^ Un ? er t° CUt the Protein ^ots from 2-D gels for individual 
n?a. ■ t Y another method, mass spectroscopy see box on opposite 

ovfo.H r, ^ e . corn P an i es Lar 3e Sale Biology in Vacaville, Calif., and 
Oxford Glycosciences (OGS) in Oxford, England, use robots to do it OGS is 
under contract with Pfizer to analyze samples of cerebrospinal fluid taken 
from patients with various stages of Alzheimer's disease 

The machine devised by Hochstrasser and his research group goes one 

^tLfK ?f r ? b ° tS USSd by Lar9e Scale Biol °9V ™ d 0GS " would 

chon I - XtraCt the .Protein spots from the gels, use enzymes to 

chop the proteins into bits, feed the pieces into a laser mass 
spectrometer and transfer the information to a computer for analysis. The 

" ™* nt manufacturer PE Corporation, which owns Celera, has already 
agreed to make the machines. y 

h^no W i th ? r " ithout ^botic arms, 2-D gels have their problems. Besides 
being tricky to make, they don't resolve highly charged or low-mass 

?\- Very WSl1 - They also do a DOor 3° b of resolving proteins with 
hydrophobic regions, such as those that span the cell membrane. This is a 

targets lmltatl ° n ' bGCaUSe membrane ' spanning receptors are important drug 

Another method for studying proteoses is what Stephen Oliver of the 
University of Manchester in England has called "guilt by association" • 
learning about the function of a protein by assessing whether it . 
™I aC u S Wlth another Protein whose role in a cell is known. In February 
^!n? o rS n a Cura ° en in New Haven, Conn. - -together with a group led by 

Wa a MnL ° f C ^ u° Ward Hu9heS Medical institute at the University of 

Washington- -reported that they had deduced 957 interactions among 1,004 
proteins in the baker's yeast Saccharomyces cerevisiae. Fields and his 
colleagues first devised a widely used method for studying protein 

"£;?r" a « tTf - Cal n ed the ySaSt tw °- h y fa rid system, which uses known protein 
baits to find "prey" proteins that bind to the "baits" see box on 

p3CfS 67 

ce ,™,o The / eaS ^ 9en ° me haS been known to consist of 6,000 genes since it was 
sequenced m 1996, but the functions of one third of them have remained 
n^Ho 10 i S '', y fl 9unng out which of the unknown proteins associated with 
previously identified ones, the CuraGen and University of Washington 
scientists were able to sort them into functional categories, such as 
energy generation, DNA repair and aging. 

In March, CuraGen announced that it had teamed up with the Berkeley 
5™?? P 5t °, e , n ° me Pro ^ ect to Produce a protein -interaction map of the 
?on^hfJ y M oM?K nt t0 takS this massive ly parallel approach forward," says 
Jonathan M. Rothberg, CuraGen' s founder, . chairman and CEO. The director of 

rS^SS! y . P ^ 3e , C T t iS GSrald M - Rubin ' a Howard Hu 9 h es Medical Institute 
researcher at the University of California at Berkeley. He collaborated 
witn celera on the sequencing of the Drosophila genome see "The 'Other' 
Genomes, " on page 53 . 

r,^ " Yeast was a Prototype for us," Rothberg explains. "But Drosophila is 
?o use IrnlT ^ t0 J^ dy or ^ nism with multiple cells." CuraGen aims 
"u r ° flnd n6W drUgS for its cli ents to bring to market, 

tarae? p " 10 ° ? ercent ' wh at does your gene do?' and 'Is it a drug ' 

9 ,;„ 5 ^thberg states. But CuraGen will also work to identify targets 
ror drugs to sell on its own. 

°" S °I c "raGen' s competitors is Myriad Genetics, a biotechnology 
==- ? -:_ ba ? Q ln s alt Lake City that is best known for its tests for the 

genes tnat contribute to breast and ovarian cancer. Earlier this vear 



Myriad made a deal worth up to $13 million with Roche to lend its 
proteinics techniques to finding targets for potential cardiovascular 
disease drugs. 

Myriad also uses a variation of the yeast two-hybrid system but 
concentrates on specific disease pathways rather than assessing entire 
genomes. The company has an ongoing alliance with Schering-Plough, for 
instance to plumb the biochemical interactions of proteins encoded by 
gene called MMACl, which when mutated can lead to brain and prostate 
cancer 



Another way to study proteins that has recently become available 
1°:! SS m n ^ Protein chips . Ciphergen Biosystems, a biotechnology 
company in Palo Alto, is now selling a range of strips for isolating 
proteins according to various properties, such as whether they dissolve 
in water or bind to charged metal atoms. The strips can then be placed in ' 
Ciphergen 's chip reader, which includes a mass spectrometer, for 
identifying the proteins . 

One of the initial uses of Ciphergen' s protein chips has been in 
finding early markers for prostate cancer. Last December, George L . Wright 
Jr., of Eastern Virginia Medical School in Norfolk reported using 
Cipher 3 en»s system to identify 12 candidate "biomarkers" for benign 
prostatic disease and six such biomarkers for prostate cancer. Tests based 
on the proteins might be better at discriminating between benign and 
cancerous prostate conditions than the currently available prostate 
specific antigen (PSA) assay. 

THE STRUCTURE'S THE THING 
Identifying all of the proteins in a human is one thing, but to truly 
understand a protein 's function scientists must discern its shape and 
structure. In an article in Nature Genetics last October, a group of 
-well-known structural biologists led by Stephen K. Burley of the 
Rockefeller University called for a "structural genomics initiative" to use 
quasi -automated x-ray crystallography to study normal and abnormal 
proteins . 

Conventional structural biology is based on purifying a molecule 
coaxing it to grow into crystals and then bombarding the sample with 
x-rays. The x-rays bounce off the molecule's atoms, leaving a diffraction 
pattern that can be interpreted to yield the molecule's overall three - 
dimensional shape. A structural genomics initiative would depend on 
scaling up and speeding up the current techniques. 

The National Institutes of Health is poised to award $20 million in 
grants this year for structural genomics to academic centers. And companies 
are getting into the game, too: Syrrx in La Jolla, Calif., Structural 
GenomiX in San Diego, and Chalon Biotech" in Toronto are founded on 
developing so-called high -throughput x-ray crystallographic techniques. 

Knowing the exact structural form of each of the proteins in the 
human proteome should, in theory, help drug designers devise chemicals to 
fit the slots on the proteins that either activate them or prevent them 
from interacting. Such efforts, which are generally known as rational drug 
design, have not shown widespread success so far- -but then only roughly 1 
percent of all human proteins have had their structures determined. After 
scientists catalogue the human proteome, it will be the proteins --not 
the genes --that will be all the rage. 

Added material 

Carol Ezzell, staff writer 

FURTHER INFORMATION 
THE CHIPPING FORECAST. A special supplement to Nature Genetics, Vol. 21, 
No. 1; January 1999. 

PROTEOMICS GEARS UP.K. Garber in the on-line publication Signals 
(www.signalsmag.com); November 2, 1999. 

A POST-GENOMIC CHALLENGE: LEARNING TO READ PATTERNS OF PROTEIN 
SYNTHESIS. A. Abbott in Nature, Vol. 402, pages 715-720; December 16, 1999. 

DIFFERENTIATING GENOMICS COMPANIES. R. James in Nature Biotechnology, 
Vol. 18, pages 153-155; February 2000. 

STRUCTURAL GENOMICS OFFERS HIGH-SPEED LOOK AT PROTEINS . R. F. 
Service in Science, Vol. 287, pages 1954-1956; March 17, 2000. 

rc-r an arcr.ive of research papers and news analysis articles on the 



proteomics, which concentrat-p on /. fields of transcript omics and 

active and'en iSnSSS'S SoS^ffi S e ? Whe " 9 5 n " a " 
JOHNSON (opposite page) ;PAUL Prison an£ MAr£ SeR^IN Yalf tV • ^ , 
protein structure); JULIO E celi<5 n»n?«h 2!t!S GE * STEIN Ya le University ( 
Research, Aarhus (2-D gel) Dter f ° r Human Genome 

IDENTIFYING UNKNOWN PROTEINS 
1 Run sample on a two-dimensional qel which =. M r a h« 

=o =n„ 9 o (ph, in OTe direcclon ^* rporp.niioo^-of.ocnr 1 " 9 

2 Cut an unknown protein spot from the gel 

solutLn'onjrr^est'pla^anS'l^fi 1 ? int0 PieC6S; dr ° P S P ots of the 
^ n~ u Plate and load into a mass spectrometer 

The nV^ r 9Snerates a P lot of P«tein pieces according to their 
The plot serves as a fingerprint for identifying the o^iginaf 



mass . 
protein 



FINDING PROTEINS THAT INTERACT 

SLe1r^ximi; y C ? wo \^K e % y ta aS anrS)- h ora d ^ ^ ^ 

that causes a yeast ce 1 L V„ n m t ! protein that activates a gene 

pool of unknot "nrev" " 1S , USSd t0 dete ™ine which of a 

™ pre y Proteins binds to a known "bait" protein 

(a, of 1 t^ntSStS^Si: known " bait " protein unked to dna f - haif 

to DNA 2SL?^ t 5i^SLi W ° f the a " ivat - in linked 

"bait" L °° k COl ° r Chan9S ' Which i^icates "prey" protein binding to 

THE MAJOR PLAYERS 
CIPHERGEN BIOSYSTEMS 

www.ciphergen.com Plans to go public this year 
Headquarters: Palo Alto, Calif 

Ma a or E cn^n^% W i 1Uam E - Rich ' P re ^nt and CEO 
SmithKne Beecnam' ' HUB * n Gen ° me Sciences ' ^rke-Davis. Aventis, 

protefn ra iSntifi c n at fa on Urin9 "* nts and chips for 

Financing This Year: $28.6 million 
as a c^Lon'l'abo^to^tool' 1119 WideSpread acceptance of mass spectrometry 
protefn^n^ylL^ 311 ' 3961 ^ pioneer in using mass spectrometry in. 

CURAGEN 
www . curagen . com 

Stock Symbol : CRGN 
Headquarters: New Haven, Conn 

iatraiSl/p J ° nath ^ M. Rothberg, president, chairman and CEO 

Biogen 3 ^ 0 !^ 1 ^;^ 116 " 1 Pl ° neSr Inte ™ a ^-1, Genentech, 

and its tr par?ners Sin9 Pr ° te ° mics to find drug targets for the company 

Financing This Year: $150 million 
develSLf lii e Sn : d ^; nCin9 C ° m *™y' S Proteomic technologies while 

protest' 1 '" 6 Advanta 9 e: capacity for mapping the interactions of 

HY3RIGENICS 



heels of 



Headquarters: Paris 
Major E cX iVe! °° nny Strosber 9< CEO 

St a raLgie;? t ;ro"SSg S cen" 1 i S t r>lTJ»*' ■ BioSi 9 nal ' Lynx Therapeutics 
target discovery and validation service lnte «ction maps and drug 

llTciii 9 , This Year: Not «-c51S 

SipeS " 9e AdvS?a1e n9 n V ? Sibility in the U ' S " 
bioinformatics. Mvanta 9 e = D ^-ers thorough analyses with sophisticated 

LARGE SCALE BIOLOGY 
www.lsbc.com Plans to go public this year 

Headquarters.- Vacaville, Calif 

Ma^t^L'enc^Partie 6 ^ V™^' Ch ^ n ™* ™ 
Genentech, Do ; ents / Pa "ners : Glaxo Wellcome Procter S Gamble, Novartis, 

^e liL ra s t cirnce P s r °InduS g ry r0tein ~ f ° CUSed tecta "**i« and infonnation to 
Kev'chin ThiS Year = Not mailable 

Advantage: is years' experience in proteomics. 

OXFORD GLYCOSCIENCES 
www.ogs.com 

Stock Symbol: OGS (London) 
Headquarters: Oxford, England 
Lead Executive: Michael Kranda, CEO 
GenomS° r "^^rtners : Pfi zer , Bayer, Merck, G.D. Searle, Incyte 

to ^ W ; 9 SS£S^^ g S^^1 -lecules attached 

therapeutics and diagnostics 3iycochemist ry) to discover new 

Key^alLn^e 5 SeeTno' ?H f 11100 ($49 " 5 
Competitive Advfntaaf l^* 1 valida tion °f its efforts, 
protein levels " Mvanta9e: H ^ hl Y automated, large-scale analyses of 

MYRIAD GENETICS 
www.myriad.com 

Stock Symbol: MYGN 
Headquarters: Salt Lake City 

^^^^^^^ector, and CEO 

Schering and Schering-Plough Y ' Pharm acia, Novartis, Roche, 

. Financing This Year None ^ tar9ets - 

own dr K ug^^^taSg n ? ts a S23^&^ — ^ ^ 

Competitive Advant- a n» * * C? ■ u ? dla 9nostics business, 
businesswith s^paSners StabllShed C °W that is expanding its 

AFFYMETRIX 
www.affymetrix.com 

Stock Symbol: AFFX 
Headquarters: Santa Clara, Calif 

Si^SiS^ A - . Fodor < ch ™ - d ceo 

.rldwiJe Uents/Pa ^rs,Has installed more than 250 GeneChip systems 

diagnL'S^e. 56111119 9Me ChipS and chi * manners for research and 

Financing This Year: $150 million 

— • -r.a ■ ienae: Finding new markers for it« chine 

. — cnips ana scanners. 



wo 



Competitive Advantage: The first company to make a business out of 
gene chips . 

PAUL HARRISON AND MARK GERSTEIN Yale University; SOURCES: THE 
COMPANIES LISTED HERE; JAMES D. MCCAMANT AND KIMBERLY TANNER Medical 
Technology Stock Letter 
?b 411 

30apr01 14:49:07 User026066 Session . D6422 . 4 
Sub account: 3776-010140-LAUNCHCYTE-BEJ 
$0.84 0.349 DialUnits Filel41 
$2.85 1 Type(s) in Format 7 
$2.85 1 Types 
$3.69 Estimated cost Filel41 
$0.60 TELNET 

$4.29 Estimated cost this search 
$52.65 Estimated total session cost 30.140 DialUnits 



File 411 -.DIALINDEX (R) 



DIAL INDEX (R) 

(c) 2001 The Dialog Corporation pic 

*** DIALINDEX search results display in an abbreviated *** 
*** format unless you enter the SET DETAIL ON command. *** 
?sf all 

You have 576 files in your file list. 
(To see banners, use SHOW FILES command) 
?exs td088 

>>>"EXS" command not valid in DIALINDEX . • - 

?s (protein? or peptid?) and enzyme (n20) microarray? (n20) ( (three 0 dimension? ) or 3() 
dimension?) and (dot? or microdot? or spot? or pad?) and * (slide? or chip?) 

Your SELECT statement is: 

s (protein? or peptid?) and enzyme (n20) microarray? (n20) 
( (three 0 dimension?) or 3 () dimension? ) and (dot? or microdot? or spot? or 
pad?) and (slide? or chip?) 

Items File 



Examined 50 files 

Examined 100 files 

Examined 150 files 

Examined 200 files 

Examined 250 files 

Examined 300 files 

Examined 350 files 

Examined 400 files 

Examined 450 files 

Examined 500 files 

Examined 550 files 

No files have one or more items; file list includes 576 files. 
One or more terms were invalid in 2 files. 

? logoff hold 

30apr01 14:59:50 User026066 Session D6422.5 
Sub account: 3 77 6-01014 0-LAUNCHCYTE-BEJ 
$16.82 13.453 DialUnits File411 
$16.82 Estimated cost File411 

$2.20 TELNET 
$19.02 Estimated cost this search 

$71.67 Estimated total session cost 43.594 DialUnits 



Status: Signed Off. (42 minutes) 



### Status: Path 1 of [Dialog] 

^inru^.^pen 1121119 TCP/IP ^ ^InetProto ! servicelD dialog.com, 

DIALOG INFORMATION SERVICES 
PLEASE LOGON: 

******** HHHHHHHH SSSSSSSS? 
### Status: Signing onto Dialog 
★★*★**** 



******** 

ENTER PASSWORD: 

******** 



******** HHHHHHHH SSSSSSSS? 



Welcome to DIALOG 
### Status: Connected 

•Dialog level 00.12.12D 

Last logoff: 30apr01 15:30-22 
Logon fileOOl 30apr01 16:00-02 
NOTICE set ON to $20.00 

SL\ il J h a1 g L rO :L t e e e d s tO $2 C 0 n 00 irm ™* ™ °* >«™ ^ 
P i77c 6 „?°? er SUBA CCOUNT name/number: 
?3776-010140-BEJ-launchcyte 

is 3776-010140-BEJ-LAUNCHCYTE the SUBACCOUNT you want to use ? (Y/N, 
Subaccount is set to^3776-010140-BEJ-LAUNCHCYTE 

File 1:ERIC 1966-2001/Apr 17 

(O format only 2001 The Dialog Corporation 
Set Items Description 

. Terminal set to DLINK 
?b 411 

30apr01 16:00:25 User026066 Session D6423 1 

Sub account: 3776-010140-BEJ-LAUNCHCYTE 
<n io I °-° 56 Dial Units Filel 

so. 19 Estimated cost Filel 
$0.07 TELNET 

$0.26 Estimated cost this search 

$0-26 Estimated total session cost 0.056 DialUnits 
File 411:DIALINDEX(R) 

DIALINDEX(R) 

(O 2001 The Dialog Corporation pic 

?S2fSi:2 reh r6SUltS diSpla >' in « abbreviated 
?«f all S y ° U SnCer the SET D ™ ON command 

You have 576 files in your file list. 

's Irotein^ nerS ' USe SH0W FILES =°mmand) 
•s (protein?/ti or peptide?/ti) and microarray/ti 

Your SELECT statement is • 

s (proteinVti or P eptide ? /ti) and microarray/ti 
Items File 

1 ■ 2: INSPEC_1969-2001/Apr W5 
5 5: Biosis Previews (R)_1969-2001/Apr W4 

8: Ei Compendex(R)_i970-2001/Apr Wl 
a 16: Gale Group PROMT (R)_1990-2 001/Apr 27 
^ 20: World Reporter_1997-2001/Apr 30 

34: SciSearch:?.: Cited Ref Sci_1990-2001/tor W5 



★ ** 
*** 



Examined 50 files 

5 71: ELSEVIER BIOBASE_1994 -2 001/Apr W4 

6 73: EMBASE_1 974 -2 001/Apr W4 

2 76: Life Sciences Collection_1982 -2001/Feb 

2 88: Gale Group Business A.R.T.S . _1976 -2001/Apr 30 

1 94: JICST-EPlus_1985-200l/Apr W2 

2 98: General Sci Abs/Full -Text_1984 -2001/Mar 

1 99: Wilson Appl. Sci & Tech Abs_1983 -2001/Mar 
>>>Term "TI" is not a valid suffix in file 100 and is ignored 

1 100: Market Guide Company Financials_2001/Apr 30 
>>>Term "TI" is not defined in file 107 and is ignored 

1 107: Adis R&D Ins ight_198 6 - 2 001/Apr W3 

1 111: TGG Natl .Newspaper Index (SM) _1979-2001/Apr 25 
>>>Term "TI" is not defined in file 115 and is ignored 

4 115: Research Centers & Services_1994 -2000/Nov 
Examined 100 files 

>>>Term "TI" is not defined in file 133 and is ignored 

1 133: S&P^s Corp . Descrip . +News_200l/Apr 30 
1 143: Biol. Sc Agric. Index_1983 -2001/Mar 
6 144: Pascal_1973-2001/Apr W5 

1 148: Gale Group Trade & Industry DB_1976 -2001/Apr 27 
1 149: TGG Health&Wellness DB (SM)_1976- 2 001/Apr W4 

1 151: HealthSTAR_1975-2000/Dec 

5 155: MEDLINE (R) _1966-200l/May W3 

2 159: Cancerlit_1975-2001/Mar 

1 165: EventLine(TM)_1990-2001/Mar 
1 172: EMBASE Alert_2 001/Apr W4 
1 174: Pharm-line(R)_1978-2001/Apr W4 
Examined 150 files 
Examined 200 files 
>>>Term M TI M is not defined in file 286 and is ignored 

12 286: Biocommerce Abs . & Dir ._1981 -2001/Apr Bl 
1 342: Derwent Patents Citation Indx_1978 -01/200120 
Examined 250 files 

4 351: Derwent WPI_1963 -2 001/UD, UM &UP=200123 

8 357: Derwent Biotechnology Abs_1982 -2001/May Bl 
• 1 377: Derwent Drug File_1983 -2001/May W2 

5 399: CA SEARCH (R) _1967 - 2 00l/UD=13 4 18 
5 420: UnCover_1988 -2001/Apr 30 

1 431: MediConf: Medical Con. & Events_1998-2001/Apr B2 
Examined 300 files 

145 440: Current Contents Search (R) _1990-200l/May Wl 
>>>Term "TI" is not defined in file 453 and is ignored 

3 453: Drugs of the Future_1990 -2001/Mar 

2 484: Periodical Abstracts Plustext_1986 -2001/Apr W4 
>>>Term "TI" is not defined in file 501 and is ignored 

2 501: Extel Intl News Cards_1995-2001/Apr W4 
>>>Term "TI" is not defined in file 505 and is ignored 

1 505: Asian Co. Prof iles_2001/ Jan 
Examined 350 files 
>>>Term "TI" is not defined in file 519 and is ignored 

1 519: DScB-Duns Finan . Records Plus (TM) _2000/Nov 
Examined 400 files 

2 613: PR Newswire_1999-2001/Apr 30 

1 621: Gale Group New Prod . Annou . (R) _1985 -2001/Apr 27 
Examined 450 files 

1 649: Gale Group Newswire ASAP (TM) _2 001/Apr 25 

3 660: Federal News Service_1991 -2001/Mar 08 
Examined 500 files 

Examined 550 files 

46 files have one or more items; file list includes 576 files. 
One or more terms were invalid in 132 files. 



PLEASE ENTER A COMMAND OR BE LOGGED OFF IN 5 MINUTES 
?b 2, 5, 8, 16 

3CaprOI 16:11:45 User026066 Session D6423.2 



$7.31 5.850 DialUnits File411 
$7.31 Estimated cost File411 
$2.40 TELNET 

$9.71 Estimated cost this search 

$9.97 Estimated total session cost 5.906 DialUnits . 

SYSTEM: OS - DIALOG OneSearch 

File 2:INSPEC 1969-2001/Apr W5 

(c) 2001 Institution of Electrical Engineers 
File 5:Biosis Previews (R) 1969-2001/Apr W4 

• (c) 2001 BIOSIS 
File .8:Ei Compendex(R) 1970-2001/Apr Wl 

(c) 2001 Engineering Info. Inc. 
File 16:Gale Group PROMT (R) 1990-2001/Apr 27 
(c) 2001 The Gale Group 

Set Items Description 

Sub account: 3776-010140-BEJ-LAUNCHCYTE 

$0.09 0.015 DialUnits File2 
$0.09 Estimated cost File2 

$0.09 0.015 DialUnits Files 
$0.09 Estimated cost File5 

$0.10 0.015 DialUnits File8 
$0,10 Estimated cost File8 

$0.08 0.015 DialUnits Filel6 
$0.08 Estimated cost Filel6 

*n 'OneSearch, 4 files, 0.061 DialUnits FileOS 
$0.60 TELNET 

$0.96 Estimated cost this search 
$10,93 Estimated total session cost 5.967 DialUnits 

SYSTEM: OS - DIALOG OneSearch 

File 2:INSPEC 1969-2001/Apr W5 

(c)2001 Institution of Electrical Engineers 
File 5:Biosis Previews (R) 1969-2001/Apr W4 

(c) 2001 BIOSIS 
File 8:Ei Compendex(R) 1970-2001/Apr Wl 

(c) 2001 Engineering Info. Inc. 
File 16:Gale Group PROMT (R) 1990-2001/Apr 27 

(c) 2001 The Gale Group 
File 20:World Reporter 1997- 2001/ Apr 30 

(c) 2001 The Dialog Corporation 
File 34 :SciSearch(R) Cited Ref Sci 1990-2001/Apr W5 
(c) 2001 Inst for Sci Info 
- File 71: ELSEVIER BIOBASE 1994 -2001/Apr W4 
(c) 2001 Elsevier Science B.V. 
File 73 : EMBASE 1974 -2001/Apr W4 

(c) 2001 Elsevier Science B.V. 
♦File 73: For information about Explode feature please 
see Help News73 . 

File 76:Life Sciences Collection 1982-2001/Feb 

(c) 2001 Cambridge Sci Abs 
File 88:Gale Group Business A.R.T.S. 1976-2001/Apr 30 

(c) 2001 The Gale Group 
File 94:JICST-EPlus 1985 -2001/Apr W2 

(c)2001 Japan Science and Tech Corp ( JST) 
♦File 94: There is no data missing. UDs have been adjusted to reflect 
^e current months data. See Help News94 for details 
File 98:General Sci Abs/Full-Text 1984-2001/Mar 

■(c) 2001 The HW Wilson Co. 
File 99 : Wilson Appl . Sci & Tech Abs 1983 -2001/Mar 

(c) 2001 The HW Wilson Co. 
F:2e :00:Marke: Guide Ccmoanv Tinanc^als 2001/Aor 



(c) 2001 Market Guide 
File 107:Adis R&D Insight 1986 -2001/Apr W3 

(c) 2001 Adis International Ltd. 
File 111:TGG Natl .Newspaper Index(SM) 1979 -2001/Apr 25 

(c) 2 001 The Gale Group 
File 115:Research Centers & Services 1994 -2000/Nov 

(c) 2000 Gale Research Inc. 
File 133:S&P"s Corp . Descrip . +News 2001/Apr 30 

(c) 2001 McGraw-Hill Co. Inc 
File 143:Biol. & Agric. Index 1983 -2001/Mar 

(c) 2001 The HW Wilson Co 
File 144: Pascal 1973 -2001/Apr W5 

(c) 2001 INIST/CNRS 
File 148:Gale Group Trade & Industry DB 1976-2001/Apr 27 

(c)2001 The Gale Group 
File 149:TGG Health&Wellness DB(SM) 1976-2001/Apr W4 

(c) 2 001 The Gale Group 
File 151:HealthSTAR 1975-2000/Dec 

(c) format only 2000 The Dialog Corporation 
♦File 151: Final updates for this file have been loaded and the 
file is now closed. Please see Help Newsl51 for changes to the file. 
File 155 : MEDLINE (R) 1966-2001/May W3 

(c) format only 2000 Dialog Corporation 
♦File 15 5: Medline has now updated. For further information 
see Help NewslSS. 

File 159 :Cancerlit 1975-2001/Mar 

(c) format only 2001 Dialog Corporation 
File 165 :EventLine (TM) 1990-2001/Mar 
(c) 2001 Elsevier Science B.V. 
♦File 165: Updates are currently restricted 
to Medical and Biotechnical events only. 
File 172:EMBASE Alert 2001/Apr W4 

(c) 2001 Elsevier Science B.V. 
File 174 :Pharm-line (R) 1978 -2001/Apr W4 
(c) CROWN COPYRIGHT 2 001 
♦File 174: UDs have been readjusted to reflect the current months data 
There is no data missing. 

File 286 iBiocommerce Abs . & Dir. 1981-2001/Apr Bl 

(c) 2001 BioCommerce Data Ltd. 
File 342:Derwent Patents Citation Indx 1978-01/200120 
(c) 2001 Derwent Info Ltd 
♦File 342: Price changes as of 1/1/01. Please see HELP RATES 342. 
File 351: Derwent WPI 1963 -2001/UD, UM &UP=200123 
(c) 2 001 Derwent Info Ltd 
♦File 3 51: Price changes as of 1/1/01. Please see HELP RATES 3 51. 
72 Updates in 2001. Please see HELP NEWS 351 for details. 
File 357:Derwent Biotechnology Abs 1982'-2001/May Bl 
(c) 2001 Derwent Publ Ltd 
♦File 357: Price changes as of 1/1/01. Please see HELP RATES 357. 
File 377:Derwent Drug File 1983 -2001/May W2 

(c) 2001 Derwent Info Ltd. 
File 399:CA SEARCH (R) 1967 -200l/UD=13418 
(c) 2 001 AMERICAN CHEMICAL SOCIETY 
♦File 399: Use is subject to the terms of your user/customer agreement 
RANK charge added; see HELP RATES 3 99. 
File 420:UnCover 1988 -2001/Apr 30 
(c) 2 001 The UnCover Company 
♦File 420: Please check rates (enter r from the main menu) for 
important information about patent collections and availability. 
File 431:MediConf : Medical Con. & Events 1998 -2001/Apr B2 
(c) 2001 Dr. R. Steck 
♦File 431: There is no data missing. UDs have been adjusted to reflect 
the current months data. 

File 440:Current Contents Search(R) 1990-2001/May Wl 

(c)- 2001 Inst for Sci Info 
File 453:Drugs of the Future 1990-2001/Mar 

(c) 2001 Prous Science 
File 494 : Periodical Abstracts Plustext 1986-2001/Apr W4 
?d 2001 Sell * Howell 



File 50 l:Extel mtl News cards 1995-2001/Apr w 4 

(c) 2001 Extel Financial Inc P 
File 505: Asian Co. Profiles 2001/Jan 
(C) 2001 FBR Bus Info Svcs 
♦File 505: Records with financial data are not 
formatting correctly; see HELP NEWS 5 OS 

51 (c? & ?oSi n n Finan - Reco ^s Plus(TM) 2000/Nov 
(c) 2001 Dun & Bradstreet 
*File 519: Enter REPORT Sn/BIR, or report q« /o*m 

t0 F ^ reports dir;cU y R fror D L n/SER ' °* M "* r Sn/PAR 

File 6^3 :PR Newswire 1999-2001/Apr 30 

♦Fils fi i, (C i.?°°i,! R Newswire Association Inc 

A -i r HH ~ 2^ a 9 ,— • 
File Wora L e L p G ?o U r ou - (R) ™^ « 
Flle 64 (c? a 2oof a sr^up^'™' 2ooi/Apr 25 

File 660 : Federal News Service 1991-2001/Mar 08 
(c) 2001 Federal News Service 
♦File 660: This file is temporarily not updating. 

Set Items Description 

ProcXng 117 ^ " and nucroarray?/ti 

Processed 10 of 46 files 

ProSing'" " 3 Valid '-«- in one or more files 

Processed 20 of 46 files 

Processing 

Processed 30 of 46 files 
Completed processing all files 
3171061 PROTEIN? /TI 
748057 PEPTID? /TI 
5607 MICROARRAY? /TI 
^ SI (PROTEIN7/TI OR PEPTID7/TI) AND MICROARRAY?/TI 

»>Duplicate detection is not supported for File 100 
>»Duplicate detection is not supported for File 107 
»>D.uplicate detection is not supported for ns 
»>Duplicate detection is not supported for File 133 
»>Duplicate detection is not supported for File 165 ' 
»>Duplicate detection is not supported for File 74 
>»Du P licate detection is not supported for File 286' 
»>Dup icate detection is not supported or File 342 
»>Duplicate detection is not supported for File III' 
»>Duplicate detection is not supported for File 111 
»>Duplicate detection is not supported for File ls 3 
»>Duplicate detection is not supported for File 501 ' 

»>Duplicate detection is not supported for File 660. 

:::exa C S^Tre U ?orr r 5 5 ?, fileS ^ 
•••examined 50 records (100) 
♦..examined 50 records (150) 
••■examined 50 records (200) 

>>>Record t 440: 12608814 ignored; incomplete bibliographic data, not retained 
>>Record t 440: 32604523 ignored; incomplete bibliographic data, not retained 
>>Record t 440:l2603589 ignored; incomplete bibliographic data, not retained 
>>Record t 440: 12598931 ignored; incomplete bibliographic data, not retained 
>>P-ord c 440: 12598733 ignored; incomplete bibliographic data, not retained 
5 440:125902-0 ignored; incomplete bibliographic data, not retained 



in RD set 

>>Record 440:12581700 
in RD set 

>>Record 440:12577692 
in RD set 

>>Record 440:12575518 
in RD set 

>>Record 440:12570693 
in RD set 

>>Record 440:12567272 
in RD set 

>>Record 440:12566990 
in RD set 

>>Record 440:12565144 
in RD set 

>>Record 440:12564034 
in RD set 

>>Record 440:12561732 
in RD set 

>>Record 440:12557898 
in' RD set 

>>Record 440:12545521 
in RD set 

>>Record 440:12537476 
in RD set 

>>Record 440:12535845 
in RD set 

..examined 50 records 
>>Record 440:12528591 
in RD set 

>>Record 440:12528496 
in RD set 

>>Record 440:12520748 
in RD set 

>>Record 440:12519368 
in RD set 

>>Record 440:12517947 
in RD set 

>>Record 440:12507378 
in RD set 

>>Record 440:12505656 
in RD set 

>>Record 440:12489778 
in RD set 

>>Record 440:12489617 
in RD set 

>>Record 440:12483108 
in RD set 

>>Record 440:12482822 
in RD set 

>>Record 440:12480260 
in RD set 

>>Record 440:12479086 
in RD -set 

>>Record 440:12477804 
in RD set 

>>Record 440:12459226 
in RD set 

>>Record 440:12456861 
in RD set 

>>Record 440:12441800 
in RD set 

>>Record 440:12438611 
in RD set 

>>Record 440:12438254 
in RD set 

>>Record 440:12419808 
in RD set 

>> Record 4 4 0 : : 2 4 1 ^ 5 6 0 



ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data , 


not 


retained 


ignored; 


. incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data , 


not 


ret ainea 


ignored; 


incomplete 


bibliographic 


data , 


not 


re tainea 


ignored; 


incomplete 


bibliographic 


data , 


not 


Tecaineu 


(250) 
ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


^not 


retained 


ignored; 


incomplete 


bibl iographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data, 


not 


retained 


ignored; 


incomplete 


bibliographic 


data , 


not 


retained 


ignorec; 


incomplete 


bibliographi c 


data*, 


not 


retained 



in RD set 

>>>Record 440:12417207 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12415928 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12407840 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12407356 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12402545 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12401077 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12399797 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12396974 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12393513 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12366175 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12364113 ignored; incomplete bibliographic data, not retained 
in RD set - ~ , 

>>>Record 440:12360790 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12357824 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12350031 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12346778 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12345429 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12331578 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12306558 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12293855 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12280833 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12280317 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12278916 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12278743 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12273462 ignored; incomplete bibliographic data, not retained 
in RD set 1 

>>>Record 440:12269412 ignored; incomplete bibliographic data, not retained 
in.RD set 

>>>Record 440:12266383 ignored; incomplete bibliographic data, not retained 
in RD set 

...examined 50 records (300) 

>>>Record 440:12264621 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12247266 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12242836 ignored; incomplete bibliographic data, not retained 
iii RD set 

>>>Record 440:12240459 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12237460 ignored; incomplete bibliographic data, not retained 
'in RD set 

>>>Record 440:12235525 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440 : 12231881 ignored; incomplete bibliographic data, not retained 

in RD set 

>>>?.eccrd 440:12221553 ignored: incomplete bibliographic data., not retained 



in RD set 

>>>Record 440:12205004 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12202375 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12194488 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:12175043 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12165902 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12163137 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12162081 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12161324 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12152967 ignored; incomplete bibliographic data, not retained 

in RD set 

>>>Record 440 : 12152795 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12141170 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12118486 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12111850 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:1209.8681 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12093621 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12081741 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12078316 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12076128 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12067215 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12065130 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12043550 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12035890 ignored; incomplete bibliographic data, not retained 
in RD set ^ 

>>>Record 440:12018733 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:12005503 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11979977 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11974893 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record. 440:11970915 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11965377 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11959100 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11957570 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11955597 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11953137 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11952016 ignored; incomplete bibliographic data, not retained 
in RD sec 

>>>Record 440:11941517 ignored; incomplete bibliographic data, not retained 



»>Record 440:11940634 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11939833 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:11937231 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11930662 ignored; incomplete bibliographic data, not retained 
in RD set 

...examined 50 records (350) 

>»Record 440:11925208 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11916847 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11914671 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11913982 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11889924 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11881651 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:11877427 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11875333 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11864365 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11863577 ignored; incomplete bibliographic data, not retained 
in RD set . 

>>>Record 440:11845779 ignored; v incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11829835 ignored; incomplete bibliographic data,, not retained 
in RD set 

>>>Record 440:11816748 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11798697 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11790881 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11781668 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11781472 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11740954 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11740550 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record .440:11731966 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11728433 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11723295 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11701906 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11697132 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11690300 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11682653 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11677952 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:11676401 ignored; incomplete bibliographic data, not retained 
in RD set 

>>Record 440:11647140 ignored; incomplete bibliographic data, not retained 
in RD set 

»P.ecord 440:11645922 ignored; incomplete bibliographic data, not retained 



>>Record 440:11622616 
in RD set 

>>Record 440:11621698 
in RD set 

>>Record 440:11611982 
in RD set 

>>Record 440:11611699 
in RD set 

>>Record 440:11611616 
in RD set 

>>Record 440:11602914 
in RD set 

>>Record 440:11583732 
in RD set 

>>Record 440:11580497 
in RD set 

>>Record 440:11551078 
in RD set 

>>Record 440:11540049 
in RD set 

>>Record 440:11532069 
in RD set 

>>Record 440:11529861 
in RD set 

>>Record 440:11518734 
in RD set 

>>Record 440:11515001 
in RD set 

>>Record 440:11496202 
in RD set 

. .examined 50 records 
>>Record 440:11494410 
in RD set 

>>Record 440:11484639 
in RD set 

>>Record 440:11459817 
in RD set 

>>Record 440:11453076 
in RD set 

>>Record" 440 : 11452015 
in RD set 

>>Record 440:11394301 
in RD set 

>>Record 440:11375698 
in RD set 

>>Record 440:11365768 
in RD set 

>>Record 440:11359218 
in RD set 

>>Record 440:11357263 
in RD set 

>>Record 440:11352273 
in RD set 

>>Record 440:11330272 
in RD set 

>>Record 440:11283373 
in RD set 

>>Record 440:11283113 
in RD set 

>>Record 440:11242977 
in RD- set 

>>Record 440:11240945 
in RD set 

>>Record 440:11162963 
in RD set 

>>Record 440:11115104 
in RD set 

>>Record 440:11072613 
in RD set 
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bibliographic data, 
bibliographic data, 
bibliographic data, 
bibliographic data, 
bibliographic data, 
bibliographic data, 
bibliographic data, 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 

bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 
bibliographic data 



not retained 
not retained 
not retained 
not retained 
not retained 
not retained 
not retained 
not retained 
not retained 
not retained 
not retained 
not retained 
not retained 
not retained 
not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 

not retained 



»>Record 440:11051854 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:11049718 ignored; incomplete bibliographic data, not retained 

m.RD set 

»>Record 440:11031568 ignored; incomplete bibliographic data, not retained 
in kd sec 

»>Record 440:11024891 ignored; incomplete bibliographic data, not retained 
in RD set 

^n R >n°=i 440: 11009616 ignored; incomplete bibliographic data, not retained 
in rd set 

'ifRD^et 440 111004293 i9nored; inc °*Plete bibliographic data, not retained 

T*tn Old , ii0: 10992882 i^ored; incomplete bibliographic data, not retained 
i n kjj set 

»>Record 440:10985144 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10981528 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10979085 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10927691 ignored; incomplete bibliographic data, not retained 
m RD set 

>»Record 440:10923271 ignored; incomplete bibliographic data, not retained 
in RD set 

>»Record 440:10908441 ignored; incomplete bibliographic data, not retained 
in RD , set 

»>Record 440:10902357 ignored; incomplete bibliographic data, not retained 
m RD set , 

»>Record 440:10900494 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10898990 ignored; incomplete bibliographic data, not retained 
in RD set 

>»Record 440:10859698 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10814881 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10810553 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10741766 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10709901 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440=10661052 ignored; incomplete bibliographic data, not retained 
in RD set 

>»Record 440:10659768 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10657622 ignored; incomplete bibliographic data, not retained 
in RD set 

>»Record 440:10655143 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10638735 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10584037 ignored; incomplete bibliographic data, not retained 
in RD set 

>»Record 440:10536457 ignored; incomplete bibliographic data, not retained 
in RD set 

>>Record 440:10454063 ignored; incomplete bibliographic data, not retained 
in RD set 

..examined 50 records (450) 

»Record 440:10437929 ignored; incomplete bibliographic data, not retained 
in RD set 

>>Record 440:10406781 ignored; incomplete bibliographic data, not retained 
in RD set 

>>Record 440 : 10397394 . ignored; incomplete bibliographic data, not retained 

in RD .set 

>>Record 440:10378261 ignored; incomplete bibliographic data, not retained 

in RD set 

>>?.eccrd 440:10376311 ignored; incomplete bibliographic data, not retained 



>>>Record 440:10345635 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:10343391 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:10333897 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:10291841 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10264999 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:10240555 ignored; incomplete bibliographic data, not retained 
in RD set 

»>Record 440:10175289 ignored; incomplete bibliographic data, not retained 
in RD set 

>»Record 440:10147921 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:10095939 ignored; incomplete bibliographic data, not retained 
in RD set ~ * ~ ' ^' 

>>>Record 440:10017044 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:9973209 ignored; incomplete bibliographic data, not retained 
in RD set 

>»Record 440:9945929 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:9891441 ignored; incomplete bibliographic data, not retained 
in RD set 

i^RD^et 440:9805331 ^ nored ' incomplete bibliographic data, not retained 

>>>Record 440:9803550 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440 : 9692481 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:9637565 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:9613704 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:9590264 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:9215190 ignored; incomplete bibliographic data, not retained 
in RD set 

">>>Record 440:8292303 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:8001281 ignored; incomplete bibliographic data, not retained 
in RD set 

>»Record 440:7945407 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:7783815 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:7424442 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:6813103 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:6393868 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:6326525 ignored; incomplete bibliographic data, not retained 
in RD set " 

>»Record 440:5692542 ignored; incomplete bibliographic data, not retained 
in RD set 

>>>Record 440:4700492 ignored; incomplete bibliographic data, not retained 
in RD set 

>»Record 440:4097008 ignored; incomplete bibliographic data, not retained 
in RD set 

i^RD^et 440:3261630 ignored;' incomplete bibliographic data, not retained 

...examined 50 records (500) 
. . .completed examining records 

S2 120 RD (unique items) 
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reserv. 
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DIALOG (R) File "2:INSPEC 

(c) 2001 Institution of Electrical Engineers. All rts. 
6810039 INSPEC Abstract Number: A2001-04-8715-008 

DS tl !LDN A r r mx t croarrfvc h f raCteriZati0n ° f se "-»«embled double- stranded 
microscopy miCr ° arrayS for P«tein:dsDN A screening using atomic force 

Author(s): O'Brien, J. , Stickney, J.T.; Porter, m.d. 

Author Affiliation.- Dept. of Chem., Iowa State Univ., Ames IA USA 

Journal: Langmuir vol.16, no. 24 p 9559-57 

Publisher: American Chem. Soc, 

SEsrssj"!^: sii.?s; country ° £ •*"«"- « 

SICI: 0743-7463 (20001128) 16 : 24L. 9559 : PCSA; 1-V 
Material Identity Number: K859-2000-025 

U.S. Copyright Clearance Center Code: 0743-7463/2000/$19 00 
Language: English Document Type: Journal Paper (JP) 
Treatment : Experimental (X) 

Abstract: we report details on the development of a self -assembled 
Seln'osDMr DNA • <dSDNA) rray fabrication scrateg^ sui llTe for 

proceinsdsDNA screening using the atomic force microscope (AFM) Ssing 

sequence Tor lloRi Z\ ^ thesi2ed t0 the recognS 

where botn thfo^;- ? * C ^ ated micron - si "d mixed monolayer surfaces 
oligonucleotides P orientation and packing density of the immobilized 

a fl ' "itical parameters for screening protein :dsDNA 

interactions, are controlled. Before exposure to ECoRl the topogranhv of 
microarrays that were composed of 26-mers containing the recognition 

SiS b?? 1 "V;^ nm+ ° r - 1 - 5 nm (n=5) < a value consistent "S 
predicted by X-ray diffraction studies. After enzyme digestion the 
topography of the microarray decreased to 4.3 nm^r-O^nm ' va 

e™nce nt within ll?^™ ***** on ^ Potion of tSe recognl on 
sequence within the oligonucleotides. In contrast, the toDoaranhv of 
microarrays that were composed of 26-mers that id ot K 

TrVT^n f H° r , EC0R ) remained esse "-lly the same beKre (8 9 
nnuor-l.s nm (n=5) ) and after (8.3 nm+or-1.4 nm (n=5) ) exposure" to ecori 

mof2v rm a 0 b r :;e • ?™ "^he.i.ed 'to iST luoresce n 

exposure to rSpi reCOgn t tlon sequence, the loss of fluorescence after 
that Sis t J„°* na^V f US6d t0 det6Ct enz y™ a tic cleavage. We believe 
screening o IS h ° ldS - Pr ° mlSe 33 a tGo1 for the "pid and facile 
microarrays (31 Refs) Pr ° tein interactions usi "9 massively parallel dsDNA 
Subfile: A 

. Descriptors: arrays; atomic force microscopy; DNA; fluorescence- 
dSfrac'Ln 10 ^ 3 " 8 '' *" tm reC °9 nition < P^einsi sel?-assSy; X-ray 

orote^^inM^ P re P aration ' self -assembled double-stranded DNA microarrays; 
protein:dsDNA screening,- atomic force microscopy; self -assembled 

recognit 0^!^'" fabriCati ° n f"^'' A ™'' bisulfide-modified dsDNA; 
nrW se q u f nce -- micron-sized mixed monolayer surfaces; spatial 

^gestion 011 ''!^ 1 ' 1 ? d6n , Sity; t0 P°9 ra Phy-- X-"y diffraction enzyme 
cieavaae ' m ,nHni U . tldSS '' fluorescein ^iety; fluorescence,- enzymatic 
microarrays P interactions; massively parallel dsDNA 

pattern r™n> m f H i! i° mol< T cular dynamics, molecular probes,' molecular 
conrorLn^ 9 ^° n) ;- A8715B (Biomol ecular structure, configuration, 

tlon - and active sites); A8715K (Biomolecular interactions/charge 

Momol f e e c r uI^ P i e e ve e i) ,; A8?15M » ith ^^ns at the 

Copyright 2001, IEE 
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»>Term "TI" is not a valid suffix in one or more files 
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6094209 INSPEC Abstract Number: A9901-8715-014 

Title: Direct protein microarray fabrication using a hydrogel 

"s tamper ■* 

Author (s) : Martin, B.D.; Gaber, B.P.; Patterson, C.H.; Turner, D.C. 
Author Affiliation: Naval Res. Lab., Washington, DC, USA 
Journal: Langmuir vol.14, no. 15 p. 3 971-5 
Publisher: American Chem. Soc, 

Publication Date: 21 July 1998 Country of Publication: USA 
CODEN: LANGD5 ISSN: 0743-7463 

SICI: 0743-7463(19980721)14:15L.3971:DPMF;l-S 
Material. Identity Number: K859-98015 

U.S. Copyright Clearance Center Code: 0743 -7463/98/$15 . 00 
Document Number: S0743-7463 (97) 01331-0 
Language.: English Document Type: Journal Paper (JP) 
Treatment: Experimental (X) 

Abstract: Micropatterned arrays of active proteins are vital to the next 
generation of high- throughput multiplexed biosensors and advanced medical 
diagnostics. We have developed a simple method for fabricating antibody 
arrays using a mi cromolded hydrogel "stamper" and an aminosilylated 
receiving surface. The stamping procedure permits direct protein deposition 
and micropatterning while avoiding cross-contamination of separate 
patterned regions. Three different antibodies were stamped in adjacent 
arrays of 50-80 mu m circular areas with retention of activity, /sup 125/1 
labeling and atomic force microscopy studies showed that the stamper 
deposited protein as a submonolayer . The fluorescent signal-to-background 
ratio of labeled bound antigen was greater than 25:1. (30 Refs) 

Subfile: A 

Descriptors: atomic force microscopy; biosensors; gels; proteins 

Identifiers: direct protein microarray fabrication; hydrogel stamper; 
micropatterned arrays; active proteins; high -throughput multiplexed 
biosensors; advanced medical diagnostics; antibody arrays; micromolded 
hydrogel; aminosilylated receiving surface; /sup 125/1 labeling; atomic 
force microscopy; submonolayer; fluorescent signal-to-background ratio; 
labeled bound antigen; AFM; I 

Class Codes: A8715 (Molecular biophysics) ; A8780B (Biosensors); A8270G ( 
Gels and sols) 

Chemical Indexing: 

I el (Elements - 1) 

Copyright 1998, IEE 
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3/4/2 (Item 1 from file: 5) 

FN- DIALOG(R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv. | 
AZ- 12933528| 
AA- 200100140677| 

TI- Protein arrays and microarrays. | 
AU- Zhu Heng(a) ; Snyder Michael (a) | 

CS- (a) Department of Molecular, Cellular, and Developmental Biology, Yale 

University, New Haven, CT, 06520: michael.snyder@yale.edu USA| 
JN- Current Opinion in Chemical Biology I 
V0- 5 | y/l 
IS- 1| 
PG- 4 0 -45 | 
DA- February, | 
PY- 2001 | 



SN- 1367-5931 j 

DT- Literature Review | 

RT- Citation | 

LA- English | 

SL- Englishj 

RN- 50812-37-8: GLUTATHIONE- S -TRANSFERASE | 

DE- <MAJOR CONCEPT> Molecular Genetics (Biochemistry and Molecular 

Biophysics); Methods and Techniques! 
DE- <CHEMICALS> bovine serum albumin; glutathione-S-transf erase; protein 

arrays--applications; protein microarrays- -applications; proteins-- - 

analysis, functions; proteomes- -analysis | 
DE- < METHODS > genome sequencing- -analytical method; large-scale proteome 

analysis --analytical method | 
DE- <MISC> biotechnology; genomes- -analysis ; methodology; open reading 

frames; protein-protein interactions- -analysis | 
CC- 10064 Biochemical Studies-Proteins, Peptides and Amino Acids 

03502 Genetics and Cytogenetics -General 

10802 Enzymes -General and Comparative Studies; Coenzymes] 

3/4/3 (Item 2 from file: 5) 

FN- DIALOG(R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv. | 
AZ- 1 12925186 | 
AA- 200100132335| 

TI- Association of p27Kipl protein expression and formalin- fixation: 

Optimal fixation times determined using high-density tissue microarray 

AU- De Marzo A M; Mucci N R(a); Cushenberry E(a); Rubin M A(a) | 

CS- (a)U of Michigan, Ann Arbor, MI USA| 

JN- Laboratory Investigation] 

V0- 81 | 

IS- 1| 

PG- 106A| 

DA- January, | 

PY- 2001 | 

ME- print | 

CT- Annual Meeting of the United States and Canadian Academy of Pathology | 

LO- Atlanta, Georgia, USA| 

DA- March 03-09, 2001 j 

SN- 0023-6837 | 

RT- Citation | 

LA- English | 

SL- Englishj 

DE- <MAJ0R CONCEPT> Biochemistry and Molecular Biophysics; Oncology (Human 
Medicine, Medical Sciences) ; Urology (Human Medicine, Medical Sciences) 
; Methods and Techniques] 

DE- <BIOSYSTEMATIC> Hominidae- -Primates, Mammalia, Vertebrata, Chordata, 
Animalia| 

DE- <ORGANISMS> human (Hominidae) --patient | 
DE- <PARTS,ETC> prostate- -reproductive system | 

DE- <SUPER TAXA> Animals; Chordates; Humans; Mammals; Primates; Vertebrates 

i 

DE- <DISEASES> prostate cancer- -neoplastic disease, reproductive system 

disease/male, urologic disease; prostate carcinoma- -neoplastic disease 
, reproductive system disease/male, urologic disease] 

DE- <CHEMICALS> cycl in -dependent kinase inhibitor p27-Kip-l- -analysis , 
expression, functions; proteins --analysis, expression, functions | 

DE- < METHODS > formalin fixation—fixation, histological method, optimal 
fixation times; high-density tissue microarrays-- 

Immunohistochemical/Immunocytochemical Techniques, analytical method, 
diagnostic method; immunohistochemistry- - 

Immunohistochemical/Immunocytochemical Techniques, analytical method, 
diagnostic method | 

DE- <MISC> cancer prognostic biomarkers- -applications ; pathology; tissue 

sections - -analysis; Meeting Abstract! 
DE- <ALT . INDEX> Prostatic Neoplasms (MeSH) ; Prostatic Neoplasms (MeSH); 

Carcinoma (MeSH) | 
ZZ- 15504 Reproductive System-Physiology and Biochemistry 



00520 General Biology -Symposia, Transactions and Proceedings of 
Conferences, Congresses, Review Annuals 
10060 Biochemical Studies-General 

10064 Biochemical Studies-Proteins, Peptides and Amino Acids 
12502 Pathology, General and Miscellaneous-General 
12504 Pathology, General and Miscellaneous-Diagnostic 
15506 Urinary System and External Secretions-Pathology 
16506 Reproductive System-Pathology 

24001 Neoplasms and Neoplastic Agents-Diagnostic Methods 
24004 Neoplasms and Neoplastic Agents -Pathology ; Clinical Aspects; 
Systemic Effects] 
BC- 86215 Hominidae| 



3/4/4 (Item 3 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv.| 
AZ- 12917402 | 
AA- 200100124551 | 

TI- Correlation of Human Papillomavirus detection with p53, p27, and Ki-67 
protein expression in penile carcinoma using tissue microarray 
technology. | 

AU- Zhou M(a) ; Pirog E C; Proverbs -Singh T(a); Mucci N R(a); Kleter B; 

. Ayala G; Cubilla A L; Quint W G V; Rubin M A(a) | 
CS- {a)Univ. of Michigan, Ann Arbor, MI USA | 
JN- Laboratory Investigation] 
V0- 81 | 
IS- l| 
PG- 131A| 
DA- January, | 
PY- 2001| 
ME- print | 

CT- Annual Meeting of the United States and Canadian Academy of Pathology | 

L0- Atlanta, Georgia, USA| 

DA- March 03-09, 2001 | 

SN- 0023-6837| 

RT- Citation] 

LA- English] 

SL- English] 

DE- <MAJOR CONCEPT> Biochemistry and Molecular Biophysics; Infection; 

Reproductive System (Reproduction) ,- Tumor Biology] 
DE- <BIOSYSTEMATIC> Hominidae- -Primates , Mammalia, Vertebrata, Chordata, 

Animalia; Papovaviridae- -Animal Viruses, Viruses, Microorganisms! 
DE- <ORGANISMS> human (Hominidae) - -host , male; human papillomavirus 

(Papovaviridae) --pathogen] 
DE- <SUPER TAXA> Animal Viruses; Animals; Chordates; Humans; Mammals; 

Microorganisms; Primates; Vertebrates; Viruses | 
DE- <DISEASES> human papillomavirus infection- -carcinogenic complications, 

viral disease; penile carcinoma- -neoplastic disease, reproductive 

system disease/male] 
DE- <CHEMICALS> Ki-67 - -expression; human papillomavirus DNA; p27-- 

expression; p53 - -expression | 
DE- <METHODS> tissue microarray- -genetic method] 

DE- <GEO. NAME> Paraguay (South America, Neotropical region); USA (North 

America, Nearctic region) | 
DE- <MISC> Meeting Abstract] 

DE- <ALT. INDEX> Papovaviridae Infections (MeSH) | 

CC- 16504 Reproductive System- Physio logy and Biochemistry 

00520 General Biology-Symposia, Transactions and Proceedings of 

Conferences, Congresses, Review Annuals 

10060 Biochemical Studies-General 

10064 Biochemical Studies-Proteins, Peptides and Amino Acids 
16506 Reproductive System-Pathology 

24004 Neoplasms and Neoplastic Agents -Pathology ; Clinical Aspects; 
Systemic Effects 

33506 Virology-Animal Host Viruses 
36006 Medical and Clinical Microbiology-Virology] 
3C- 02616 Papovaviridae (1993- ) 



3/4/5 (Item 4 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv. | 
AZ- 12891221 | 
AA- 200100098370 | 

TI- Altered expression of genes related to G protein signaling in 

schizophrenia revealed by high density cDNA microarrays. | 
AU- Middleton F A(a) ; Mirnics K; Marquez A; Stanwood G D; Volk C L; Lewis D 
A; Levitt P| 

CS- (a)University of Pittsburgh School of Medicine, Pittsburgh, PA USA| 
JN- Society for Neuroscience Abstracts] 
V0- 26 | 
IS- 1-2 | 

PG- Abstract No-5811l| 
PY- 2000] 
ME- print | 

CT- 30th Annual Meeting of the Society of Neuroscience | 

LO- New Orleans f< LA, USA 

DA- November 04-09, 2000 

SP- Society for Neuroscience; | 

SN- 0190-5295) 

RT- Abstract | 

LA- English 

SL- English 

AB- It has been suggested that the development of schizophrenia may be 

related to abnormalities in receptor-G protein coupling and downstream 
second messenger signaling. To address this possibility in a 
comprehensive fashion, we used high density cDNA microarrays to compare 
the expression patterns of several hundred genes and functional 
cascades related to intracellular signaling pathways in post mortem 
samples of prefrontal cortex area 9 from six matched pairs of 
schizophrenic and control subjects. Most genes and cascades related to 
these processes were not significantly different according to this 
analysis. However, several candidate genes did show consistent and 
significant decreases across all ^subject pairs. Moreover, a number of 
these genes encode proteins that interact in a common signaling 
pathway. Importantly, alterations in these transcripts were unrelated 
to treatment of the disorder with neuroleptic medication, because they 
were also present in the schizophrenic subject who was not receiving 
medication at the time of death and they were not present in monkeys 
treated for one year with neuroleptic medication. We are currently 
verifying the most robust changes in transcript expression and 
determining the regional specificity and cellular localization of these 
changes using in situ hybridization, immunohistochemistry and Western 
blot analysis. Taken together, these data strongly implicate several 
genes and at least one second messenger pathway in the pathophysiology 
of schizophrenia. | 

DE- <MAJ0R C0NCEPT> Genetics; Nervous System (Neural Coordination)! 

DE- <BIOSYSTEMATIC> Hominidae- -Primates , Mammalia, Vertebrata, Chordata, 
Animal ia; Primates - -Mammalia, Vertebrata, Chordata, Animalia| 

DE^ <ORGANISMS> human (Hominidae) - -patient ; monkey (Primates) | 

DE- <PARTS,ETC> prefrontal cortex- -nervous system | 

DE- <SUPER TAXA> Animals; Chordates; Humans; Mammals; Nonhuman Mammals; 

Nonhuman Primates; Nonhuman Vertebrates; Primates; Vertebrates] 
DE- <DISEASES> schizophrenia- -behavioral and mental disorders] 
DE- <CHEMICALS> G protein- -signalling; neuroleptic medications; second 

messengers | 

DE- <METH0DS> Western blot- -analytical method, detection/labeling 

techniques, gene mapping; high density cDNA microarray- -analytical 
method; immunohistochemistry- -analytical method; in situ 
hybridization- -analytical method | 

DE- <MISC> disease development; gene expression; intracellular pathways; 
Meeting Abstract | 

DE- <ALT . INDEX> Schizophrenia (MeSH) | 

CC- 03508 Genetics and Cytogenetics -Human 

00520 General Biology -Symposia, Transactions and Proceedings of 
Conferences , Congresses, Review Annuals 



BC- 



03502 Genetics and Cytogenetics -General 

03506 Genetics and Cytogenetics -Animal 

07004 Behavioral Biology-Human Behavior 

10062 Biochemical Studies -Nucleic Acids, Purines and Pyrimidines 

10064 Biochemical Studies-Proteins, Peptides and Amino Acids 

20504 Nervous System -Physiology and Biochemistry 

21002 Psychiatry-Psychopathology; Psychodynamics and Therapy | 

86190 Primates-Unspecified 

86215 Hominidael 



3/4/6 (Item 5 from file: 5) 

FN- DIALOG(R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts . reserv.| 
AZ- 12805742) 
AA- 200100012891 | 

TI- Amphotericin B- induced differential expression of genes encoding 
immunomodulatory proteins in human monocytic cells detected by cDNA 

microarray. | 

AU- Rogers P D{a) ; Pearson M M(a) ; Chapman S W(a) ; Cleary J D(a) | 
CS- (a)Univ. of Mississippi Med. Ctr. , Jackson, MS USA| 

JN- Abstracts of the Interscience Conference on Antimicrobial Agents and 

Chemotherapy | 
VO- 40 | 
PG- 393 | 
PY- 2000 | 
ME- print | 

CT- 40th Interscience Conference' on Antimicrobial Agents and Chemotherapy | 

LO- Toronto, Ontario, Canada] 

DA- September 17-20, 2000 | 

RT- Citation | 

LA- English | 

SL- Englishj 

RN- 1397-89-3: AMPHOTERICIN B| 

DE- <MAJOR CONCEPT> Molecular Genetics (Biochemistry and Molecular 
Biophysics); Blood and Lymphatics (Transport and Circulation)] 
DE- <PARTS,ETC> monocytic cell- -blood and lymphatics | 

DE- <CHEMICALS> amphotericin B- -antifungal -drug; complement; cytokine; 

cytokine receptor; immunomodulatory proteins | 
DE- < METHODS > cDNA Microarray- -analytical method | 
DE- <MISC> cell adhesion; gene expression; Meeting Abstract | 
CC- 03502 Genetics and Cytogenetics-General 

00520 General Biology- Symposia, Transactions and Proceedings of 

Conferences, Congresses, Review Annuals 

02506 Cytology and Cytochemistry-Animal 

10060 Biochemical Studies -General 

10064 Biochemical Studies -Proteins , Peptides and Amino Acids 
12512 Pathology, General and Miscellaneous -Therapy (1971- ) 
15002 Blood, Blood- Forming Organs and Body Fluids -Blood and Lymph 
Studies 

15004 Blood, Blood-Forming Organs and Body Fluids -Blood Cell Studies 

17002 Endocrine System-General 

38508 Chemotherapy-Antifungal Agents | 



3/4/7 (Item 6 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv. | 
AZ- 12771320] 
AA- 200000524943 | 

TI- Comparative microarray analysis of gene expression during 

apoptosis -induction by growth factor deprivation or protein kinase C 
inhibition. | 

AU- Brachat Arndt; Pierrat Benoit; Brungger Adrian; Heim Jutta(a) | 
CS- (a)Novartis Pharma AG, K-125. 13-16, CH-4002, Basel Switzerland! 
JN- Oncogene | 
VO- 19 | 
IS- 44j 

PG- 5 073-5082! 



DA- 19 October, | 
PY- 2000 | 
ME- print | 
SN- 0950-9232 | 
DT- Articlej 
RT- Abstract | 
LA- English | 
SL- Englishj 

AB " IInnf r ^ nSCri ? ti ? nal res P° nse of mouse Pro-B cells to two different 
apoptotic stimuli was investigated. First, interleukin-3 (IL-3) 
pS r ?5 a ^?? wa * » sed to jigger programmed cell death in IL-3 dependent 

' C (pJn k-^ ternatlVely '. CellS Were treated with the Protein kinase 
l^c; inhibitor staurosponne. The temporal pattern of gene 

expression was followed with cDNA microarrays, covering over 8700 
different mouse cDNA sequences corresponding to approximately 7900 
unique genes. Messenger RNA levels of 315 genes were found to be 
regulated by more than twofold upon IL-3 removal, while 125 genes 
reacted to staurosporine treatment. Cross -comparison revealed an 
^ '"!" lon of I* 9 enes similarly regulated in both pathways and thus 
representing candidates for common apoptosis regulators. For many 
expressed sequence tags (ESTs) our data suggest for the first time 
functions in the control of apoptosis, stress response or the cell 
cycie^ IL-3 removal led to the repression of genes required for 
proliferation and to the induction of genes, linked to apoptotic and 
signaling pathways. Staurosporine caused predominantly activation of 
genes, some of which had previously been described to be involved in 
inflammation. Our findings indicate that cellular responses to both 
apoptotic stimuli influence various physiological pathways which had 
not previously been known to be linked. | 
RN- 141436-78-4: PROTEIN KINASE C; 62996-74-1: STAUROSPORINE I 
DE- <MAJ0R CONCEPT > Molecular Genetics (Biochemistry and Molecular 

Biophysics) , Cell Biology,- Methods and Techniques! 
DE- <BI0SYSTEMATIC> Muridae- -Rodentia, Mammalia, Vertebrata, Chordata, 
Animaliaj 

™~ iSS™ 1 ™ 8 * FL5 ' 12 cel1 line (Muridae) --mouse pro-B celll 

flu T ? XA> Ani(nals ' Chordates; Mammals; Nonhuman Mammals; Nonhuman 
Vertebrates; Rodents; Vertebrates | 

DE- <CHEMICALS> cDNA (complementary DNA} ; interleukin-3 - -deprivation • 
inhibitor | RNA '' Pr ° tein kinase ^-inhibition; staurosporine- -enzyme 

n*~ < 2?S! 0DS> com P arative nucroarray analysis- -analytical methodl 
DE- <MISC> apoptosis; cell cycle; gene expression | 

Biochemical Studies-Proteins, Peptides and Amino Acids 

02502 Cytology and Cytochemistry-General 

02506 Cytology and Cytochemistry-Animal 

03502 Genetics and Cytogenetics -General 

03506 Genetics and Cytogenetics -Animal 

10060 Biochemical Studies-General 

JS?" Biochemical Studies-Nucleic Acids, Purines and Pyrimidines 
pr Enzymes -General and Comparative Studies; Coenzymes! 

bc- 86375 Muridae 



3/4/8 (Item 7 from file: 5) 

FN-. DIALOG (R) File 5:Biosis Previews (R) 
CZ- (c) 2001 BIOSIS. All rts. reserv I 
AZ- 12771031 | 
AA- 200000524654 | 



TI- Amphotericin B-induced differential expression of genes encoding 
immunomodulatory proteins in human T- and B-lymphocytes detected by 
cDNA microarray. | 1 
AU- Rogers P David(a); Pearson Margaret M(a); Chapman Stanley W(a);. 

Sullivan Donna C(a) ; Cleary John D(a) | 
CS- (a)University of Mississippi, Jackson, MS USAl 
JN- Pharmacotherapy! 



V0- 20 
IS- 10 j 
PG- 1262 



PY- 2000 | 
ME- print) 

CT- 2000 Annual Meeting of the American College of Clinical Pharmacy! 

L0- Los Angeles, California, USA] 

DA- November 03-08, 2000 | 

SN- 0277-0008| 

RT- Citation | 

LA- English] 

SL- Englishj 

RN- 1397-89-3: AMPHOTERICIN B| 

DE- <MAJ0R CONCEPT> Biochemistry and Molecular Biophysics; Immune System 

(Chemical Coordination and Homeostasis) | 
DE- <BIOSYSTEMATIC> Hominidae -- Primates , Mammalia, Vertebrata, Chordata, 

Animalia| 

DE- <ORGANISMS> Jurkat cell line (Hominidae) - -human T-cell; Raji cell line 

(Hominidae) - -human B-cell| 
DE- <SUPER TAXA> Animals; Chordates; Humans; Mammals; Primates; Vertebrates 

I 

DE- <CHEMICALS> amphotericin B- -immunomodulatory activity; antigen 
presentation proteins; cDNA {complementary DNA} ; cell adhesion 
proteins; chemokines; complement function proteins; cytokine 
receptors ; cytokines | 

DE- <MISC> differential gene expression; Meeting Abstract] 

CC- 10060 Biochemical Studies -General 

00520 General Biology-Symposia, Transactions and Proceedings of 
Conferences, Congresses, Review Annuals 
02508 Cytology and Cytochemistry -Human 

10062 Biochemical Studies-Nucleic Acids, Purines and Pyrimidines 
17002 Endocrine System-General 

34502 Immunology and Immunochemi s try- Gene ra 1 ; Methods | 
BC- 86215 Hominidae! 



3/4/9 (Item 8 from file: 5) 

FN- DIALOG(R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv. | 
AZ- 12734698 | 
AA- 200000488321) 

TI- Identification of polyribosomes -associated mRNAs regulated by fragile X 
mental retardation protein (FMRP) using oligonucleotide microarrays 

AU- Jin P(a); Feng Y; Brown V(a); Warren S T(a) | 

CS- (a) Department of Biochemistry, Pediatrics and Genetics, Howard Hughes 

Medical Institute, Atlanta, GA USA| 
JN- American Journal of Human Genetics) 
VO- 67 j 

IS- 4 Supplement 2| 

PG- 18) 

DA- October, | 

PY- 2000 | 

ME- print) 

CT- 50th Annual Meeting of the American Society of Human Genetics) 
LO- Philadelphia, Pennsylvania, USA| 
DA- October 03-07, 2000 | 

SP- American Society of Human Genetics; | 
SN- 0002-9297) 
RT- Citation) 
LA- English | 
SL- Englishj 

DE- <MAJOR CONCEPT> Medical Genetics (Allied Medical Sciences) ; Psychiatry 

(Human Medicine, Medical Sciences) | 
DE- <BIOSYSTEMATIC> Hominidae - -Primates , Mammalia, Vertebrata, Chordata, 

Animalia| 

DE- <ORGANISMS> human (Hominidae) - -male, patient| 

DE- <SUPER TAXA> Animals; Chordates; Humans; Mammals; Primates; Vertebrates 

I 

DE- <DISEASES> fragile X syndrome - -behavioral and mental disorders, 

congenital disease) 
DE- <CHEMICALS> fragile X mental retardation protein; 



n P mental retardation gene (Hominidae) I 

DE- <METHODS> microarray analysis- -detection method I 

DE- <MISC> Meeting Abstract! mecnod| 

DE- <ALT. INDEX> Fragile X Syndrome (MeSH) I 

cc " mil ssraas^ss^i^s?^ " d Theraw 

< - symposia, Transactions and Proceedino-Q of 

Conferences/ Congresses, Review Annuals froceeaings of 

03508 Genetics and Cytogenetics -Human 
07004 Behavioral Biology-Human Behavior • 
BC- 862" SSS| tal Bi ° 10 ^- Emb ^^ g y-Pathological| 



3/4/10 (item 9 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) I 
CZ- (c) 2001 BIOSIS. All rts . reserv I 
AZ- 12706478| ' 1 

AA- 200000459980) 

TI "deteS n Lion?! einS " miCr ° arrayS f ° r ^"throughput function 

AU- MacBeath Gavin(a); Schreiber Stuart L| 

CS- (a) Center for Genomics Research, Harvard University, 16 Divinitv 
Avenue, Cambridge, MA, 02138 USAl uivimty 
JN- Science (Washington D C) I 
VO- 289 | ' 
IS- 5485 | 
PG- 1760-1763 | 
DA- 8 September, | 
PY- 2000 | 
ME- print | 
SN- 0036-8075 | 
DT- Article | 
RT- Abstract | 
LA- English | 
SL- Englishj 

AB- Systematic efforts are currently under way to construct defined sets of 
lllZt 9m t B ° r hi 9 h " throu 3hput expression and purification of 

*7 Proteins. To facilitate subsequent studies of protein 
extreme^ To * d6Vel ?P ed miniaturized assays that accommodate 
extremely low sample volumes and enable the rapid, simultaneous 
processing of thousands of proteins. A high-precision rooo? desiqned to 
onto ,H tUre =? mP ^ menCary ° NA mi "oarrays waS used to Jpo? protein! 
onto chemically derivatized glass slides at extremely high spatial 

r ta neftheir ESSV^^ C ° Valent1 ^ t0 th * slide^uSSce yet 
with -Sii f ab ^ llC y.to interact specifically with other proteins 
with small molecules, in solution. Three applications for protein 
Tntl° r t r l aYS W6r ! demonstrated: screening for protein-protein 
aentif^na 3 ^ ent , lfyin9 *** substrates of protein kinases? and 

m f V 9 n Protein targets of small molecules. I 

RN- 9026-43-1 PROTEIN KINASES| " 

DE " Sniques| EPT> Bi ° ChemiStry and Molecular Biophysics; Methods and 

DE- <2™f S> c ° m ? lementar y DNA; protein kinases,- proteins| 
DE <METH0DS> protein microarrays--analytical methodl 
<MISC.> protein-protein interactions! 

lllll Biochemical Studies-Nucleic Acids, Purines and Pyrimidines 
10060 Biochemical Studies -General 

< ^802 liltt mi r al st ^ dies - p roteins, Peptides and Amino Acids 
10802 Enzymes -General and Comparative Studies; Coenzymes | 

3/4/11 (item 10 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) I 

(O 2001 BIOSIS. All rts. reserv I 
AZ- 12665273| ' 1 

AA- 200000418775 | 

TI "re^?on a con^on!5 J dentif ioation of a novel Streptococcus pneumoniae 
reguion controlled by an autoinduced peptide. 



or 



AU- de Saizieu Antoine; Gardes Christophe ; Flint Nicholas; Wagner Christian 
; Kamber Markus; Mitchell Timothy J; Keck Wolfgang; Amrein Kurt E; 
Lange Roland (a) | 

CS- (a) Hoffmann- La Roche Ltd., Grenzacherstrasse 124, Bldg. 70/4, CH-4070, 

Basel Switzerland) 
JN- Journal of Bacteriology] 
VO- 182 | 
IS- 17 | 

PG- 4696-4703] 
DA- September, | 
PY- 2000 | 
ME- print | 
SN- 0021-9193| 
DT- Article] 
RT- Abstract) 
LA- English) 
SL- English) 

AB- We have identified in the Streptococcus pneumoniae genome sequence a 
two-component system (TCS13, Blp (bacteriocin- like peptide)) which is 
closely related to quorum-sensing systems regulating cell 
density-dependent phenotypes such as the development of genetic 
competence or the production of antimicrobial peptides in lactic acid 
bacteria. In this study we present evidence that TCS13 is a 
. peptide -sensing system that controls a regulon including genes encoding 
Blps . Downstream of the Blp TCS (BlpH R) we identified open reading 
frames (blpAB) that have the potential to encode an ABC transporter 
that is homologous to the ComA/B export system for the 
competence- stimulating peptide ComC. The putative translation product 
of blpC, a small gene located downstream of blpAB, has a leader peptide 
with a Gly-Gly motif. This leader peptide is typical of precursors 
processed by this family of transporters. Microarray-based expression 
profiling showed that a synthetic oligopeptide corresponding to the 
processed form of BlpC (BlpC*) induces a distinct set of 16 genes. The 
changes in the expression profile elicited by synthetic BlpC* depend on 
BlpH since insertional inactivation of its corresponding gene abolishes 
differential gene induction. Comparison of the promoter regions of the 
blp genes disclosed a conserved sequence element formed by two 
imperfect direct repeats upstream of extended -10 promoter elements. We 
propose that BlpH is the sensor for BlpC* and the conserved sequence 
element is a recognition sequence for the BlpR response regulator. | 

DE- <MAJOR CONCEPT> Molecular Genetics (Biochemistry and Molecular 
Biophysics) | 

DE- <BIOSYSTEMATIC> Gram-Positive Cocci- -Eubacteria, Bacteria, 
Microorganisms | 

DE- <ORGANISMS> Streptococcus pneumoniae (Gram-Positive Cocci) | 
DE- <SUPER TAXA> Bacteria; Eubacteria; Microorganisms) 

DE- <CHEMICALS> BlpC; BlpH R; Blps; ComA; Streptococcus pneumoniae genome; 

• TCS 13 ; blp gene promoters; blpAB; Streptococcus pneumoniae blpAB gene 
(Gram-Positive Cocci) | 
DE- <MOLECULAR SEQUENCE DATABANK NO . > AJ276401 - -GenBank , nucleotide • 

sequence | 

DE- < METHODS > microarray-based identification- -analytical method | 
DE- <MISC> gene expression) 

CC- 03 502 Genetics and Cytogenetics -General 

10062 Biochemical Studies-Nucleic Acids, Purines and Pyrimidines 
. 31000 Physiology and Biochemistry of Bacteria 

31500 Genetics of Bacteria and Viruses) 
BC- 07700 Gram-Positive Cocci (1992- ) | 

3/4/12 (Item 11 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv.) 
AZ- 12554795| 
AA- 200000308297| 

TI- Neuroendocrine expression in metastatic prostate cancer: Evaluation of 
high throughput tissue microarrays to detect heterogeneous protein 
expression. j 

AU- Mucci Neil R ; Akdas Gul i z ; Mane I y Sargum; P.ubin Mark A I 



CS- (a) Department of Pathology, University of Michigan, 1500 East Medical 

Center Drive, Room 2G332, Ann Arbor, MI, 48109-0054 USA| 
JN- Human Pathology | 
VO- 31 | - 
IS- 4 | 

PG- 406-414 | 
DA- April, | 
PY- 2000 | 
ME- print | 
SN- 0046-8177 | 
DT- Article | 
RT- Abstract | 
LA- English | 
SL- Englishj 

AB- The theory that poorly differentiated prostate carcinoma develops a 
neuroendocrine (NE) phenotype is controversial. Supportive data is 
variable with NE expression being observed in anywhere from 5% to 83% 
of prostate cancers. These percentages are derived from standard 
immunohistochemistry studies, which make no attempt to quantify the 
results. High-density tissue microarrays (TMAs) , represent a novel 
method for evaluating up to 1000 tissue samples with a 0.6 mm diameter 
on a single glass slide. This high throughput technology for screening 
antibodies, however, requires validation to determine if TMAs are 
useful in evaluating heterogeneously expressed proteins such as the NE 
markers chromogranin A (CGA) and synaptophysin (SYN) . This study 
compares results from standard slides to TMAs in 50 primary and 
metastatic prostate tumors taken from 12 rapid autopsies from men with 
hormone refractory prostate cancer. One hundred standard and 2 TMA 
slides were immunostained for CGA and SYN. Using standard slides, focal 
NE expression was seen in 1/12 primary prostate tumors. Overall, 13/100 
(13%) standard slides showed focal NE expression for both primary and 
metastatic prostate tumors; NE expression was observed in 4/12 autopsy 
cases (33%) when all tumor sites per case were considered. 458 tissue 
elements (tumor and normal) were arrayed into one paraffin block. 
Seventy-three percent (332/458) of the elements placed into the TMA 
were confirmed histologically to represent tumor. Seventy-five percent 
(250/332) and 66% (218/332) could be evaluated for CGA and SYN 
expression, respectively. Six of the metastatic tumors expressed CGA 
and SYN or 2.4% (6/250; 95% CI = 0.9% to 5.2%) and 2.3% (6/218; 95% CI 
= 0.8% to 5.3%), respectively. In conclusion, only focal NE expression 
was observed by both methods (eg, standard and TMA slides) . The focal 
expression in these advanced prostate tumors was unexpected given data 
from prostate tumor cell lines and animal models suggesting that 
progression to- the NE phenotype parallels tumor progression. This study 
also supports the use of high density TMAs to screen for protein 
expression, even when expression is focal. | 

DE- <MAJ0R C0NCEPT> Oncology (Human Medicine, Medical Sciences) ; Methods 
and Techniques] 

DE- <BIOSYSTEMATIC> Hominidae- -Primates , Mammalia, Vertebrata, Chordata, 
Animal ia | 

DE- <ORGANISMS> human (Hominidae) - -male | 

DE- <SUPER TAXA> Animals; Chordates; Humans; Mammals; Primates; Vertebrates 
I 

DE- <DISEASES> hormone refractory prostate cancer- -metastasis , neoplastic 

disease, reproductive system disease/male, urologic disease! 
DE- <CHEMICALS> chromogranin A- -neuroendocrine marker; synaptophysin- - 

neuroendocrine marker] 
DE- <METH0DS> high-density tissue" microarrays- -analytical method| 
DE- <MISC> neuroendocrine phenotype; protein expression] 
CC- 24004 Neoplasms and Neoplastic Agents -Pathology; Clinical Aspects; 
Systemic Effects 

10060 Biochemical Studies-General 
10504 Biophysics-General Biophysical Techniques 
15501 Urinary System and External Secretions -General ; Methods 
16501 Reproductive System-General; Methods 
17020 Endocrine System-Neuroendocrinology (1972- ) 
20501 Nervous System-General; Methods] 
BC- 36215 Hominidae! 



3/4/13 (Item 12 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) | 

CZ- (c) 2001 BIOSIS. All rts. reserv.| 

AZ- 12544581| 

AA- 200000298083 | 

TI- Microarrays to study the genetic basis of proteinuria (UPV) . | 

AU- Kita Y; Shiozawa M; Majewski R R; Rangel A; Provoost A P; Jacob H J| 

CS- (a) Medical College of Wisconsin, Milwaukee, WI USA| 

JN- FASEB Journal | 

VO- 14 | 

IS - 4| 

PG- A32 8| 

DA- March 15, | 

py- 2000 | 
ME- print | 

CT- Annual Meeting of Professional Research Scientists: Experimental 

Biology 2000 | 
LO- San Diego, California, USA| 
DA- April 15-18, 2000 | 

SP- Federation of American Societies for Experimental Biology; | 
SN- 0892-6638] 
RT- Citation | 
LA- English | 
SL- English] 

DE- <MAJOR CONCEPT> Urinary System (Chemical Coordination and Homeostasis) 
Genetics | 

DE- <BIOSYSTEMATIC> Muridae- -Rodentia, Mammalia, Vertebrata, Chordata, 
Animalia| 

DE- <ORGANISMS> rat (Muridae) fawn-hooded, strain-ACI | 

DE- <SUPER TAXA> Animals; Chordates; Mammals; Nonhuman Mammals; Nonhuman 

Vertebrates; Rodents; Vertebrates | 
DE- <DISEASES> proteinuria- -genetic basis, urologic disease | 
DE- <MISC> physiological genomics; Meeting Abstract] 
DE- <ALT . INDEX> Proteinuria (MeSH) | 
CC- 03506 Genetics and Cytogenetics -Animal 

10050 Biochemical Methods -General 

10060 Biochemical Studies-General 

15501 Urinary System and External Secretions-General; Methods 
10502 Biophysics -General Biophysical Studies 

00520 General Biology-Symposia, Transactions and Proceedings of 
Conferences, Congresses, Review Annuals | 
BC- 86375 Muridae] 

3/4/14 (Item 13 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv. | 
AZ- 12522220 | 
AA- 200000275722 | 

TI- Chemical microarray system to phenotype the protein kinase 
enzymatic profile of cell lines and tissues. | 

AU- Lam Kit S(a); Falsey James; Manat Renil; Park Steven| 
CS- (a) Arizona Cancer Ctr, Tucson, AZ USA| 

JN- Proceedings of the American Association for Cancer Research Annual 

Meeting | 
IS- 41 | 
PG- 850 | 
DA- March, | 
PY- 2000 | 
ME- print . | 

CT- 91st Annual Meeting of the American Association for Cancer Research. | 

LO- San Francisco, California, USA] 

DA- April 01-05, 2000] 

SN- 0197-016X| 

RT- Citation] 

LA- English j 

SL- English! 

RN- 9026-42-1:" PROTEIN KINASE I 



DE- <MAJOR CONCEPT> Tumor Biology] 

DE- <BIOSYSTEMATlC> Animalia| 

DE- <ORGANISMS> animal (Animalia) - -animal model! 

DE- <SUPER TAXA> Animals] 1 

DE " sample" study | nC6r " " in_Vitr ° ne ° plaStic disease < tissue 

DE- <CHEMICALS> protein kinase -enzymatic profile phenotype, tumor cell 

activity, tumor tissue activity) 

DE- <METHODS> chemical microarray system-analytical method, genetic method 

DE- <MISC> Meeting Abstract | 

DE- <ALT. INDEX> Neoplasms (MeSH) | 

CC- 10802 Enzymes-General and Comparative Studies; Coenzymes 

Sys2Lic N EffeSts S N60plaStic ^nts-Pathology; Clinical Aspects; 

00520 General Biology-Symposia, Transactions and Proceedings of* 
Conferences, Congresses, Review Annuals I 
BC- 33000 Animalia-Unspecified| 

3/4/15 (Item 14 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) I 
CZ- (c) 2001 BIOSIS. All rts. reserv.l 
A2- 12521862 | 
AA- 200000275364] 

TI- Activation of the ribosomal protein S6 kinase by 17g23 amplification 
in breast cancer with short survival - A cDNA and tissue microarray 
study. | 1 

AU- Barlund Maarit T(a) ; Forozan Farahnaz; Kononen Juha T; Bubendorf Lukas •" 
Chen Yidong; Bittner Michael L; Torhorst Joachim; Haas Philippe; Bucher 
Christopher; Sauter Guido; Kallioniemi Olli P ; Kallioniemi Anne I 

CS- (a)Nhgri, NIH, Bethesda, MD USA| 

JN- Proceedings of the American Association for Cancer Research Annual 

Meeting | 
IS- 41| 
PG- 726 | 
DA- March, | 
PY- 2000 | 
ME- print. | 

CT- 91st Annual Meeting of the American Association for Cancer Research.! 

LO- San Francisco, California, USA| 1 

DA- April 01-05, 2000 | 

SN- 0197-016X| 

RT- Citation | 

LA- English | 

SL- English] 

RN- 90698-26-3: S6 KINASE | 

DE- <MAJOR CONCEPT> Molecular Genetics (Biochemistry and Molecular 
Biophysics); Reproductive System (Reproduction); Tumor Bioloqvl 

DE- <3I0SYSTEMATIC> Hominidae- -Primates , Mammalia, Vertebrata, Chordata 
Animalia | 

DE- <ORGANISMS> MCF-7 cell line (Hominidae) -human breast cancer cells I 
DE- <PARTS,ETC> chromosome 17q23--gene amplification! 

DE- <SUPER TAXA> Animals; Chordates; Humans; Mammals; Primates; Vertebrates 



DE- 



<DISEASES> breast cancer- -neoplastic disease, reproductive system 
disease/female I 



DE- <CHEMICALS> S6 kinase- -activation, ribosomal protein| 

DE- < METHODS > cDNA microarray analysis- -genetic method; comparative- 

genomic hybridization- -genetic method; tissue microarray technigues-- 

cytogenetic method] 
DE- <MISC> Meeting Abstract] 
DE- <ALT. INDEX> Breast Neoplasms (MeSH) | 
CC- 24002 Neoplasms and Neoplastic Agents-General 

02508 Cytology and Cytochemistry -Human 

03508 Genetics and Cytogenetics -Human 

10060 Biochemical Studies-General 

10802 Enzymes -General and Comparative Studies; Coenzymes 
16501 Reproductive System-General ; Methods 



10502 Biophysics-General Biophysical Studies 

00520 General Biology- Symposia, Transactions and Proceedings of 
Conferences, Congresses, Review Annuals] 
BC- 86215 Hominidae| 



3/4/16 (Item 15 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv. | 
A2- 12481096] 
AA- 200000234598 | 

TI- Gene microarray profiling of native peptide versus altered peptide 
ligand stimulated encephalitogenic T cells. | 

AU- Garren Hideki (a) ; Lock Christopher B(a); Steinman Lawrence (a) | 
CS- (a) Stanford, CA USA| 
JN- Neurology] 
VO- 54] 

IS- 7 Supp. 3 | 
PG- A260| 
DA- April 11, | 
PY- 2000) 

CT- 52nd Annual Meeting of the American Academy of Neurology. | 

LO- San Diego, CA, USA] 

DA- April 2 9 -May 06, 20 00] 

SN- 0028-3878] 

RT- Citation | 

LA- English] 

SL- English) 

DE- <MAJOR CONCEPT> Molecular Genetics (Biochemistry and Molecular 

Biophysics) ; Immune System (Chemical Coordination and Homeostasis) ; 
Nervous System (Neural Coordination) | 

DE- <BIOSYSTEMATIC> Muridae - -Rodentia , Mammalia, Vertebrata, Chordata, 
Animalia | 

DE- <ORGANISMS> mouse (Muridae) - -transgenic | 

DE- <SUPER TAXA> Animals; Chordates; Mammals; Nonhuman Mammals; Nonhuman 
Vertebrates; Rodents; Vertebrates | 

DE- <CHEMICALS> peptide- -altered, gene microarray profiling, native] 

•DE- <MISC> experimental autoimmune encephalomyelitis - -T cell tolerance; 
Meeting Abstract! 

CC- 20501 Nervous System-General; Methods 

02502 Cytology and Cytochemistry-General 

03502 Genetics and Cytogenetics -General 

34502 Immunology and Immunochemistry-General ; Methods 

15001 Blood, Blood-Forming Organs and Body Fluids -General ; Methods 

00520 General Biology- Symposia, Transactions and Proceedings of 

Conferences, Congresses, Review Annuals | 

BC- 86375 Muridae] 



3/4/17 (Item 16 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv. | 
AZ- 12476130] 
AA- 200000229632 | 

TI- Transcriptional alterations induced by papillomavirus E2 protein: 

cDNA microarray analysis. | 
AU- Goodwin E C(a); Zimmermann J W; Jones D A; DiMaio D(a); Leachman S A| 
CS- (a) Yale University School of Medicine, New Haven, CT USA] 
JN- Journal of Investigative Dermatology] 
VOr 114 | 
IS- 4 | 
PG- 773 | 
• DA- April, | 
PY- 2000( 

CT- 61st Annual Meeting of the Society for Investigative Dermatology. | 
LO- Chicago, Illinois, USA] 
DA- May 10-14, 2000 | 
SN - 0022-202X] 



LA- English | 
SL- Englishj 

DE- <MAJOR CONCEPT Immune System (Chemical Coordination and Homeostasis) ■ 

DE- <ORGANISMS> HeLa cell line (Hominidae) --human cells I 
DE- <SUPER TAXA> Animals; Chordates- Humans- Z.f V ■ 

| aces ' Humans, Mammals; Primates; Vertebrates 

DE- <MISC> Meeting Abstract) 

CC- 03508 Genetics and Cytogenetics -Human 

02508 Cytology and Cytochemistry-Human 

10050 Biochemical Methods-General 

33502 Virology-General; Methods • 

34502 Immunology and Immunochemis try-General ; Methods 
. 18501 Integumentary System-General; Methods 

00520 General Biology-Symposia, Transactions and Proceedinqs of 
Conferences, Congresses, Review Annuals I ceeaings or 

BC- 86215 Hominidae] 

3/4/18 (item 17 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) I 
CZ- ( C ) 2001 BIOSIS. All rts. reserv. I 
A2- 12474948| 
AA- 200000228450] 

TI- A microarray screen for BCC-enriched genes reveals BEG4 a gene that 

AU r ! S T ! Shh - ind » cibl *< Proline-rich protein. | * * ^ 

AU- Horng L(a); Zhen H H(a); Patil N; Oro A E (a) | 

S" Tn!r ?°Vr Medicine ' Stanford University, Stanford, CA USA] 

JN- Journal of Investigative Dermatology I 1 

VO- 114 | 37 1 

IS- 4| 

PG- 763 | 

DA- April, | 

PY- 2000 | 

S-' SLS?™li£f i^l S0CiSty f ° r Investi 9ative Dermatology. | 

DA- May 10-14, 2000 1 

SN- 0022-202X| 

RT- Citation | 

LA- English | 

SL- English | 

DE " B^nSv C ° N f EP r M0lecular Geneti « (Biochemistry and Molecular 
- SoSt^s.sL^SrBJoSyf^^ <ChemiCal ^"tio- and 
DE ~ cSorKS^mriUl" 131 "'' HOminid — P --tes, Mammalia, Vertebrata, 

DE SSS 1 ^" ^""l f^inalia) -transgenic; human (Hominidae) | 
DE- <PARTS,ETC> epithelium-integumentary system; hair follicle- 
integumentary system; outer root sheath- integumentary system; skin- 
mtegumentary system, regenerated! ' 
DE- <SUPER TAXA> Animals; Chordates; Humans; Mammals; Primates; Vertebrates 

DE- <DISEASES> basal cell carcinoma- -integumentary system disease, 

neoplastic disease | 
DE- <CHEMICALS> Sonic hedgehog target genes; human BEG4 gene (human basal 

cell carcinoma-enriched gene 4} (Hominidae) I . 

Se" <;?S° DS m T mic ^ arra y;-analytical method, genetic method | ' 
ut- <MISC> Meeting Abstract | 

DE- <ALT . INDEX> Carcinoma, Basal Cell (MeSHJ | 

^r. 1 Inte 9 um entary System-General; Methods 

03508 Genetics and Cytogenetics -Human 

24002 Neoplasms and Neoplastic Agents-General 

00520 General Biology-Symposia, Transactions and Proceedings of 

wcr.rerenres. Congresses, Review Annuals! 



BC- 33000 Animalia-Unspecif ied 
86215 Hominidae| 



3/4/19 (Item 18 from file: 5) 

FN- DIALOG(R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv.| 
AZ- 12427443) 
AA- 200000180945 | 

TI- Simultaneous analysis of protein, bacterial, and viral antigens using 
a flow cytometric microarray immunosensor . | 

AU- Venkateswaran Kodumudi S(a); Langlois Richard G(a)| 

CS- (a) Biology and Biotechnology Research Program, Lawrence Livermore 

National Laboratory, 7000 East Avenue, L-452, Livermore, CA, 94551 USA| 
JN- Abstracts of Papers American Chemical Society I 
VO- 219 
IS- 1-2 
PG- ANYL 201 | 
PY- 2000 | 

CT- 219th Meeting of the American Chemical Society. | 

LO- San Francisco, California, USA| 

DA- March 26-30, 2000) 

SP- American Chemical Society; | 

SN- 0065-7727 | 

RT- Citation] 

LA- English | 

SL- Englishj 

DE- <MAJOR CONCEPT> Chemistry; Methods and Techniques; Microbiology | 

DE- <BIOSYSTEMATIC> Endospore - forming Gram-Positives - -Eubacteria, Bacteria, 

Microorganisms; Enterobacteriaceae- -Facultatively Anaerobic 

Gram-Negative Rods, Eubacteria, Bacteria, Microorganisms; Leviviridae-- 
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f Ma h SAN o!;!?' M ! rCh 22 / pRNewswi ^/ - Biosite Diagnostics Incorporated 
(Nasdaq: BSTE) today announced that it has developed a prototype for a 
protein microarray comprising 100 discrete antibody zones. This hiqh 
throughput microarray utilizes the Company ' s proprietary microcapillary 
technology and is capable of identifying and quantifying up to 100 proteins 
in a sample within 15 minutes. The achievement will be highlighted today 
during a workshop to be conducted by Kenneth F. Buechler, Ph.D, Biosite's 
vice president of research and Gunars Valkirs, Ph.D. , Biosite ' s vice 
president of research and development, during the IBC Protein Microarray 
Technology conference. The conference is being held from March 21 through 
March 23 in San Diego. 3 
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HYDEDERUYSCHER R, 2000, V7, P17, CHEM BIOL 
LASHKARI DA, 1997, V94 , P13057, P NATL ACAD SCI USA 
LECITRA EJ, 1996, V93, P12817, P NATL ACAD SCI USA 
. LIPSHUTZ RJ, 1999, V21, P20, NAT GENET S 
MACBEATH G, 2000, V289, P1760, SCIENCE 
MALY DJ, 2000, V97, P2419, P NATL ACAD SCI USA 
MARTZEN MR, 1999, V286, P1153, SCIENCE 
NELSON RW, 2000, V21, P1155, ELECTROPHORESIS 
PANDEY A, 2000, V405, P837, NATURE 
PHIZICKY EM, 1995, V59, P94 , MICROBIOL REV 
RADER C, 1997, V8 , P503, CURR OPIN BIOTECH 
RICH RL, 2000, Vll, P54 , CURR OPIN BIOTECH 
SHUKER SB, 199.6, V274, P1531, SCIENCE 
TSAO KL, 1996, V169, P59, GENE 
TUERK C, 1990, V249, P505, SCIENCE 
ZHANG ZW, 2 000, VI 8, P71, NAT BIOTECHNOL 
ZHU WG, 2000, V275, P32098, J BIOL CHEM | | 



3/4/33 (Item 4 from file: 34) 

FN- DIALOG (R) File 34 : SciSearch (R) Cited Ref Sci | 
CZ- (c) 2001 Inst for Sci Info. All rts. reserv. j 
AN- 09147866| 
GA- 372HR| 

TI- Protein- expression profiling on microarrays by rolling circle 

amplification. | . 
LA- English] 

AU- Schweitzer B; Wiltshire S; Lambert J; Mullenix M; Kingsmore S| 
JN- CLINICAL CHEMISTRY 

2000, V46, Nil, P21-21] 
SN- 0009-9147] 

PU- AMER ASSOC CLINICAL CHEMISTRY, 2101 L STREET NW, SUITE 202, WASHINGTON, 

DC 20037-1526]. 
PY- 2000] 

DT- ' MEETING A3 S TRACT \ 
?D- 20001100; 



SF- CC LIFE--Current Contents, Life Sciences| 
SC- MEDICAL LABORATORY TECHNOLOGY | 



3/4/34 (Item 5 from file: 34) 

FN- DIALOG(R) File 34 : SciSearch (R) Cited Ref Sci 
CZ- (c) 2001 Inst for Sci Info. All rts . reserv. 
AN- 09062021 | 
GA- 362LR| 

TI- A protein microarray. | 

LA- English | 
AU- Feng HP| 

JN- NATURE STRUCTURAL BIOLOGY 

2000, V7, N10, P829-829] 
SN- 1072-8368 | 

PU- NATURE AMERICA INC, 345 PARK AVE SOUTH, NEW YORK, NY 10010-1707 1 
PY- 2000 | 

DT- EDITORIAL MATERIAL] 
PD- 20001000 | 
NR- 0| • 

SF- CC LIFE- -Current Contents, Life Sciences | 

SC- BIOPHYSICS; BIOCHEMISTRY & MOLECULAR BIOLOGY; CELL BIOLOGY | 



3/4/35 (Item 6 from file: 34) 

FN- DIALOG (R) File 34 : SciSearch (R) Cited Ref Sci 
CZ- (c) 2001 Inst for Sci Info. All rts. reserv. 
AN- 08990817| 
GA- 353PF I 

TI- Protein microarrays hit the spot | 
LA- English | 
AU- Borman S| 

JN- CHEMICAL & ENGINEERING NEWS 

' 2000, V78, N37,. P6-7 | 
SN- 0009-2347 | 

PU- AMER CHEMICAL SOC, 1155 16TH ST, NW, WASHINGTON, DC 20036 | 

PY- 2000 | 

DT- NEWS ITEM | 

PD- 20000911 j 

NR- 3 | 

SC- ENGINEERING, CHEMICAL | 

CR- MACBEATH G', 1999, V121, P7967, J AM CHEM SOC 
MACBEATH G, 2000, V122, P7849, J AM CHEM SOC 
SCHREIBER SL, 2000, V289, P1760, SCIENCE | | 



3/4/36 (Item 7 from file: 34) 

FN- DIALOG (R) File 34 : SciSearch (R) Cited Ref Sci | 
CZ- (c) 2001 Inst for Sci Info. All rts. reserv. j 
AN- 08751538 | 
GA- 325TH| 

TI- Neuroendocrine expression in metastatic prostate cancer: Evaluation of 
high throughput tissue microarrays to detect heterogeneous protein 
expression (vol 31, pg 406, 2000) | 

LA- English | 

AU- Mucci| 

JN- HUMAN PATHOLOGY 

2000, V31, N6, P778-778| 

SN- 0046-8177 | 

PU- W B SAUNDERS CO, INDEPENDENCE SQUARE WEST CURTIS CENTER, STE 300, 

PHILADELPHIA, PA 19106-3399 | 
PY- 2000 | 

DT- CORRECTION, ADDITION | 
PD- 20000600 | 
NR- 1 1 

SF- CC LIFE- -Current Contents, Life Sciences; CC CLIN- -Current Contents, 

Clinical Medicine | 
SC- PATHOLOGY | . 
CP. - MUCCI . 2 0 00, V31, ?4CS, HUM PATHOL - ! 



3/4/37 (Item 8 from file: 34) 

FN- DIALOG (R) File 34 : SciSearch (R) Cited Ref Sci 
CZ- (c) 2001 Inst for Sci Info. All rts. reserv. 
AN- 07997132) 
GA- 234EG| 

TI- Printing small molecules as microarrays and detecting protein 

-ligand interactions en masse | 
LA- English] 

AU- MacBeath G; Koehler AN; Schreiber SL (REPRINT) | 

CS- HARVARD UNIV,DEPT CHEM & CHEM BIOL, CTR GENOM RES , HOWARD HUGHES MED 
INST, 12 OXFORD ST / CAMBRIDGE/ /MA/ 0213 8 (REPRINT); HARVARD UNIV-, DEPT 
CHEM & CHEM BIOL, CTR GENOM RES , HOWARD HUGHES MED 

INST/ CAMBRIDGE/ /MA/ 0213 8 ; HARVARD UNIV, HOWARD HUGHES MED INST, INST 
CHEM & CELL BIOL/CAMBRIDGE//MA/0213 8 | 
GL- USA | 

JN- JOURNAL OF THE AMERICAN CHEMICAL. SOCIETY 

1999, V121, N34, P7967-7968) 
SN- 0002-7863 | 

PU- AMER CHEMICAL SOC, 1155 16TH ST, NW, WASHINGTON, DC 20036 | 
PY- 1999 | 
DT- ARTICLE | 
PD- 19990901) 
NR- 8 | 

SF- CC PHYS--Current Contents, Physical, Chemical & Earth Sciences; CC LIFE 

--Current Contents, Life Sciences | 
SC- CHEMISTRY | 

ID- Keyword Plus (R) : GENERAL -METHOD; LIBRARY | 

CR- CHAIET'L, 1964, V106, PI, ARCH BIOCHEM BIOPHYS 

FURKA A, 1991, V37, P487, INT J PEPT PROT RES 

HOLT DA, 1993, V115, P9925, J AM CHEM SOC 

LAM KS, 1997, V97, P411, CHEM REV 

LAM KS, 1991,- V354, P82, NATURE 

NESTLER HP, 1994, V59, P4723, J ORG CHEM 

SCHENA M, 1995, V270, P467, SCIENCE 

TAN DS, 1998, V120, P8565, J AM CHEM SOC | | 



3/4/38 (Item 9 from file: 34) 

FN- DIALOG(R) File 34 : SciSearch (R) Cited Ref Sci | 
CZ- (c) 2001 Inst for Sci Info. All' rts. reserv. j 
AN- 07495706 | 
GA- 17 3NX| 

TI- Create a protein microarray using a hydrogel ''stamper' 1 ) 
AV- ABSTRACT AVAILABLE) 
LA- English | 

AU- Gaber BP (REPRINT) ; Martin BD; Turner DC| 

CS- USN,RES LAB, LAB MOL INTERFACIAL INTERACT/ WASHINGTON/ /DC/20375 

(REPRINT); GEORGE MASON UNIV,CTR COMP SCI & I NFORMAT/ FAIRFAX/ /VA/22030; 
USN,RES LAB, CTR BIOMOL SCI & ENGN/ WASHINGTON/ /DC/2 03 7 5 | 

GL- USA) 

JN- CHEMTECH 

1999, V29, N3, P20-24) 

SN- 0009-2703) 

PU- AMER CHEMICAL SOC, 1155 16TH ST, NW, WASHINGTON, DC 20036) 
PY- 1999) 
DT- ARTICLE | 
PD- 19990300) 
NR- 34 | 

SF- CC PHYS- -Current Contents, Physical, Chemical & Earth Sciences; CC ENGI 

--Current Contents, Engineering, Computing & Technology; | 
SC- CHEMISTRY, APPLIED) 

AB- The keys to fabricating multiplexed biosensors are the capability to 
lay down biomolecules with spatial fidelity retention of activity, and 
an absolute minimum of biochemical cross -talk. The hydrogel stamper 
does this by delivering a molecular film of protein directly onto the 
surface in a single step. | 

ID- KevWord Plus'?.': : " 3 UR FACES : DNA; FABRICATION; BIOSENSORS; 



ANTIBODIES; CELLS ; GOLD | 
CR- BAINS W, 1988, V135, P303, J THEOR BIOL 

BAKER DA, 1988, V2 9, P691, POLYMER 

BHATIA SK, 1992, V114, P4432, J AM CHEM SOC 

BRITLAND S, 1992, V8 , P155, BIOTECHNOL PROGR 

BURNS MA, 1998, V282, P484, SCIENCE 

BYFIELD MP, 1994, V9, P373, BIOSENS BIOELECTRON 

CHEE M, 1996, V227, P610, SCIENCE 

CHEN X, 1995, V2 8, P15, CARBOHYD POLYM 

CHRISEY LA, 1996, V24, P3040, NUCLEIC ACIDS RES 

DAVIES.DR, 1990, V59, P439, ANNU REV BIOCHEM 

DONTHA N, 1997, V69, P2619, ANAL CHEM 

FERGUSON JA, 1996, V14, P1681, NAT BIOTECHNOL 

FODOR SPA, 1991, V251, P767, SCIENCE 

GUSCHIN D, 1997, V250, P203, ANAL BIOCHEM 

JANATA J, 1989, PCH1, PRINCIPLES CHEM SENS 

KAZANSKI KS, 1993, V104, P97, ADV POLYM SCI 

KIMURA J, 1988, V4 , P41, BIOSENSORS 

KUMAR A, 1993, V63, P2002, APPL PHYS LETT 
LI RH, 1996, V50, P365, BIOTECHNOL BIOENG 
LOPEZ GP, 1993, V115, P5877, J AM CHEM SOC 
LU B, 1996, V121, PR29, ANALYST' 
LUNSTROM I, 1987, P201, POLYM SURFACES INTER 
MARIUZZA RA, 1987, V16, P139, ANNU REV BIOPHYS BIO 
MARKOWITZ MA, 1997, V68, P57, APPL BIOCHEM BIOTECH 
MARTIN BD, 1998, V19, P69, BIOMATERIALS 
MARTIN BD, 1998, V14, P3971, LANGMUIR 
MARTIN BD, 1992, V25, P7081, MACROMOLECULES 
PADDLE BM, 1996, Vll, P1079, BIOSENS BIOELECTRON 
PEPPAS NA, 1986, HYDROGELS MED PHARM 
PRITCHARD DJ, 1995, V67, P3605, ANAL CHEM 
ROGERS KR, 1996, V30, P486, ENVIRON SCI TECHNOL 
SEFTON MV, 1993, V107, P143, ADV POLYM SCI 
SINGHVI R, 1994, V264, P696, SCIENCE 
. WEN AC, 1996, V50, P357, BIOTECHNOL BIOENG |'| 

3/4/39 (Item 1 from file: 71) 

DIALOG (R) File 71: ELSEVIER BIOBASE 

(c) 2001 Elsevier Science B.V. All rts. reserv. 

AZ- 01486199 | 
AA- 2000158633] 

TI- Erratum: Neuroendocrine expression in metastatic prostate cancer: 
Evaluation of high throughput tissue microarrays to detect 
heterogeneous protein expression (Human Pathology (April 2000) 31 
(406-414) ) | 

AU- Mucci| 

DT- Journal] 

JN- Human Pathology] 

SO- Journal: Human Pathology ,31/6 (778) ,2000, United States I 
CP- United States] 1 
PY- 2000] 

CD- HPCQA | \ 
SN- 0046-8177] 
DT- Erratum] 
LA- English] 

SH- 87.2.9.2 - CANCER RESEARCH TUMOUR BIOLOGY Genetics Gene expression 
87.2.5 - CANCER RESEARCH TUMOUR BIOLOGY Invasion and Metastasis 
87.5.16 - CANCER RESEARCH CLINICAL INVESTIGATIONS BY ORGAN SITE 
Prostate] 

HD- COMPLETED RECORD - July 27, 2 000 

3/4/40 (item 1 from file: 73) 

FN- DIALOG (R) File 73:EMBASE| 

CZ- (c) 2001 Elsevier Science B.V. All rts. reserv. I 

AZ- 110117191 



TI- Advances in protein microarray technology for protein expression 

and interaction profiling! 
AU- Haab B.B. | 

CS- B.B. Haab, Van Andel " Institute , 333 Bostwick NE, Grand Rapids, MI 49503 

CS- <COUNTRY> United States) 
EL- brian . haab@vai .org] 

JN- Current Opinion in Drug Discovery and Development ( CURR. OPIN. DRUG 

DISCOV. DEV. ) | 
SO- 4/1 (116-123) | 
PD- 2001 | 
PY- 2001 I 
SN- 1367-6733| 
CP- United Kingdom) 
CD- CODDF| 

DT- <ITEM TYPE> Review | 
DT- Journal 
LA- ENGLISH 
SL- ENGLISH 

AB- Protein microarrays address a great demand for high- throughput protein 
analysis techniques. Because protein microarrays detect many proteins 
in parallel, are quantitative, and have minimal reagent and sample 
consumption requirements due to miniaturization, they are potentially 
powerful tools for applications in basic and applied biology. Advances 
in manufacturing, protein immobilization and detection methods have 
enabled high- throughput protein quantitation and interaction studies. 
Protein microarrays can be applied to protein function studies, 
screening the production of antibodies and recombinant proteins, 
discovery of proteins implicated in disease or that are potential drug 
targets, and rapid detection or diagnosis of disease. A remaining 
challenge for the full implementation of protein microarrays is the 
acquisition of large sets of high-affinity and highly specific protein 
capture reagents.) 

RF- 39 | 

DE- <MAJ0R DRUG TERM> protein | 

DE- <MAJOR MEDICAL TERM> fluorescence; protein analysis; electronics) 

DE- <MINOR MEDICAL TERM> protein expression; protein immobilization; drug 

manufacture; screening; DNA microarray; review) 
SH- 029 Clinical and Experimental Biochemistry) 
RN- 67254-75-5 (protein) | 



3/4/41 (Item 1 from file: 88) 

DIALOG (R) File 88:Gale Group Business A.R.T.S. 
(c) 2001 The Gale Group. All rts . reserv. 

05511136 SUPPLIER NUMBER: 64824920 

Microarray-based identification of a novel Streptococcus pneumoniae 

regulon controlled by an autoinduced peptide. 
Saizieu, Antoine. de; Gardes, Christophe; Flint, Nicholas; Wagner, Christan,- 
Kamber, Markus; Mitchell, Timothy J.; Keck, Wolfgang; Amrein, Kurt E.; 
Lange, Roland 

Journal of Bacteriology, 182, 17-18, 4696(8) 
Sept, 2000 

ISSN: 0021-9193 LANGUAGE: English RECORD TYPE: Abstract 

ABSTRACT: Research demonstrates a two-component system of bacteriocin- like 
peptide that controls its own genes and a regulon. Data indicate that the 
peptide is part of a quorum- sensing regulon which shares many features of 
competence-stimulating peptide controlled regulon. 



.3/4/42 (Item 1 from file: 94) 

FN- DIALOG (R) File 94 : JICST-EPlus | 

CZ- (c)2001 Japan Science and Tech Corp ( JST) . All rts. reserv. | 
AN- 04739920) 

AA- <JICST ACCESSION NUMBER> 01A0260420) 
FS- ?reJICST-£| 

TI- Behaviors of Life Molecules. , '" , 4): Development of PNA 'peptide nucleic 



acid) with a linker on it* chr a ^ * 
AD- VASUDA KYOKO (1); SUGIM0X Si ( I ^ » ic ""«y system. | 
CS- (1) Konan Univ. I v ; '' 

JN- Nippon Kagakkai Koen Yokoshul 
SO- PUBLICATION YEAR> 20001 
SO- <VOLUME, . ISSUE NBR> VOL. 78th NO 2 I 
SO- <PAGE(S)> PAGE. 819 I acn ' N0 -2| 
JC- S0493AAY) 
SN- 0285-7626] 
LA- Japanese) 

DT- Conference Proceeding) 
MT- Printed Publication) 
OP- Japan) 1 

' *" JSSS^ ■^^i.}LS 0 SKffi y S « * natural dna 

recognition ability of PNA with a linker « ^ Uni ' We instigated 
SPR (Surface Plasmon Resonance) Thl n?" t tS Strand *Y usi *9 
(ATAAATTG-D-GATACAAA) where I' ilaJt Chat PNA 

greater DNA recognition abilitvrhfn ° m ? 9a amino acid < hav * a 
optimum length o? omeg" 2£ JciS^(SSS aSt.ff ^ ^ ^ 

. 3/4/43 (item 1 from file- 98> 

DIALOG(R)File 98:General Sci tos/Full-Text 
(O 2001 The HW Wilson Co. All rts rese" 

AN- 04389682) 

AA- BGSA00139682) - 

TI- Protein microarrays . I 

JN- Analytical Chemistry) 

JN- Anal chem) 

PD- Nov. 1 2000 (20001101) I 

SF- il| 1 

SN- 0003-2700) 
LA- English) 
CP- United States) 
RT- Abstract) 

ST- Corrected or revised record) 

3/4/44 (item 1 from file- 107> 

S-" .OolosS 0 ",^ 3 "d 9 All rt,. reserv. | 

A2- 00108572) 
AA- 015164) 
RD- 20010118) 

NA- Research programme: cardiovascular disease n 

University of Maastricht) disease - incyte Genomics/ 

AC- C Cardiovascular System) 

S- Sn 6 d.?- h ^ Ca *t iOVaSCUlar Products | 
Undefined mechanism) 

-n.^,e desaon and conduct gene expression' 



experiments to study the role genes play in the prevention, diagnosis 
and treatment of cardiovascular disease. Researchers at CARIM will gain 
access to Incyte's lifeseq sup((R)) gold gene sequence database and 
Incyte's lifeexpress sup(TM) expression database for internal use. In 
return, CARIM will provide clinical and experimental samples for 
analysis. Data from the collaboration will be incorporated into 
lifeexpress sup(TM) for scientists to explore and correlate gene and 
protein behaviour in diseased and normal tissues, prioritise potential 
drug targets and assess the efficacy and toxicity of compounds. 
Treatments for cadiovascular disease are currently limited According 
to the scientific director of CARIM, access to Incyte's integrated 
genomics platform, including gene expression information and advanced 
micrparray technology will further our understanding of the genetic 
basis' of cardiovascular disease and accelerate efforts to identify 
effective approaches for the early diagnosis, prevention and treatment 
of cardiovascular disease.]' 

P0- Mechanism of action: 
Undefined mechanism | 

UP- 18-Jan-2001: New profile 

18-Jan-2001: Preclinical development for Cardiovascular disorders in 
USA (Unknown route) | 



3/4/45 (Item 1 from file: 115) 

FN- DIALOG (R) File 115: Research Centers & Services | 
CZ- (c) 2000 Gale Research Inc. All rts . reserv.| 
AN- <Accession Nbr> 09998238 | 

AN- <Source Book> Research Centers Directory | RCD | 
AN- <Internal No> 1000224600) 

ON* <0rg. Name> Pennsylvania State University | Biotechnology Institute] 

AD- <Street> 519 Wartik Laboratory] 

AD- <Last> University Park, PA 16802 USA] 

OF- Dr. Nina V. Fedoroff, Dir.] 

TE- <Phone> (814) 863-3650 | 

FX- (814)863-1357] 

EL- nvf l@email .psu. edu | 

UR- http://www. lsc.psu.edu] 

AB- <OC> FOUNDED: 1984. DESCRIPTION: Integral unit of the Life Sciences 
Consortium at Pennsylvania State University. RESEARCH BUDGET: 
US$4,945,716. REVENUES: US$3 99,000. STAFF: 9 Support, 1 Administrative, 
14 Other. FINANCIAL SUPPORT: Parent institution, industry, U.S. 
government, state government, individual gifts. | 

AB- <RD> RESEARCH: Plant biotechnology ranging from research in plant 
biochemistry and molecular biology to plant development. RESOURCES: 
Electron Microscope Facility; Center of Computational Biology; 
Hybridomaa and Cell Culture Laboratory; Center for Quantitative Cell 
Analysis, and the Nucleic Acid Facility, Microarrayer Facility.] 

AB- <PB> PUBLICATIONS: Newsletter; Workshop brochures; LSC Booklet. 

EDUCATIONAL ACTIVITIES: Summer symposium (annually), in molecular 
biology; LSC Colloquium; Plant Physiology International Symposium; 
Nucleic acid and protein analysis workshop; Biological computing 
workshops; GCG (Genetic Computer Group) Workshop; Biomolecular 
Transport Dynamics Workshop. SCHOLARSHIPS: Life Science Consortium 
Fellowships, 40 per year. LIBRARY: Biotechnology Reading Room. | 

SH- <Section> Biological and Environmental Sciences | 

SH- <Number> 02 | 

DE- Biotechnology | Molecular biology | Botanical chemistry | Plant development | | 



3/4/46 (Item 2 from file: 115) 

FN- DIALOG (R) File 115: Research Centers & Services] 
CZ- (c) 2000 Gale Research Inc. All rts. reserv.] 
AN- <Accession Nbr> 09987451 | 

AN- <Source Book> Research Centers Directory ] RCD ] 
AN- <Internal No> 1640005720] 

ON- <0rg. Name> Harvard University | Center for Genomics Research (CGR) | 

AD- <Street> 16 Divinity Ave.] 

AD- <Last> Cambridge, MA 02138 USA ! 

OF- Dr. Dari S ha lor. , Dir.' 



TE- <Phone> (617) 495-8779 | 
FX- (617)495-2196| 
EL- dari_shalon@harvard.edu | 
UR^ http://www.cgr.harvard.edul 

AB- <0C> FOUNDED: 1999. DESCRIPTION: Integral unit of Harvard University. | 
AB- <RD> RESEARCH: Genomics and proteomics. Some areas of research 
undertaken by the multidisciplinary staff are bioinformatics , 
microarray technology, protein analysis, biological imaging, 
evolutionary analysis, genome manipulation, etc. RESOURCES : Q-Bot, 
. microarrayers gene chip systems. | 
CT- <PS> INFO. OFFICER: Sylvie Agudelo. | 
SH- <Section> Multidisciplinary Programs | 
SH- <Number> 16 | 

DE- Biology | Medical genetics | Genomes | | 



3/4/47 (Item 1 from file: 133) 

DIALOG(R) File 133:S&P"s Corp . Descrip . +News 
(c) 2001 McGraw-Hill Co. Inc. All rts. reserv. 

00038514 

Gene Logic Inc. 

CORPORATE BACKGROUND 

BUSINESS DESCRIPTION- 

Gene Logic Inc. (GLGC) is an emerging participant in the burgeoning field 
of genomics. GLGC is building and commercializing a database based on gene 
expression -- the degree to which a gene is active in tissues in the body 
-- to identify genetic or protein targets for the development' and 
marketing of potential pharmaceutical or biotechnology therapeutic 
candidates. 

Scientists have long known that states of normal health and disease can 
be differentiated by specific genes and the proteins these genes direct 
cells to produce. By identifying how and to what degree there are 
differences in healthy and diseased specimens, researchers are able to 
identify specific sequences of genetic material that may be modified or 
manipulated to treat the disease. It is also possible to identify proteins 

that are controlled by specific genes, and to alter or supplement the 
body's ability to produce these proteins , thereby returning it to a 
healthy state. 

GLGC generates gene expression data in its laboratories using two 
complementary technologies - GeneChip microarrays produced by Affymetrix, 
and proprietary patented READS technology. At year-end 2000, . the 
GeneExpress Suite of databases contained gene expression profiles on over 
4,000 tissue samples. By the end of 2003, GLGC expects to have complete 
gene expression profiles on 30,000 tissue samples, over half of which will 
be tissue from a wide range of human organs, each with comprehensive 
clinical information, representing a broad and in-depth survey of human 
gene expression across every major disease. 

The company develops and licenses the GeneExpress software suite for the 
management and analysis of its growing database. The first product suite 
was released in November 1999. A second release in April 2000, GeneExpress 
2 000, incorporated enhanced analytical tools and an improved user 
interface. In addition, the company has been developing customized 
databases tailored to specific customer needs since 1997. 

As of February 2001, Gene Logic had 15 clients for the GeneExpress 
database as well as numerous clients for its custom databases. Customers 
include Aventis CropScience, Fujisawa Pharmaceutical, Japan Tobacco, Merck 
& Co., NeuralStem, Organon, PE Biosystems, Pfizer, Procter & Gamble, 
Schering-Plough Research Institute, SmithKline Beecham, Therapeutic 
Genomics, UCB Pharma and Wyeth-Ayerst . 

RESEARCH & DEVELOPMENT EXPENDITURES, Yrs . End. : Thous . $ 

2000 44,014 1999 29,570 1998 16,605 

EMPLOYEES - December 31, 2000, 226. 

CAPITAL EXPENDITURES, Thous. '$ 

2CC0 9.6S5 1999 3.229 1995...- ...6,873 



SUBSIDIARIES- 

Gene Logic Acquisition Corp. 

INCORPORATED in Delaware Sept. 22, 1994 as Senatics Corp. Present title 
subsequently adopted. 

OFFICERS - 

Mark D. Gessler, President & Chief Executive Officer 

Phillip L. Rohrer, Chief Financial Officer 

Victor M. Markowitz, Sr V-P & Chief Informatin Officer 

J. B. Buzogany, General Counsel, Corp Secy & Sr. V.-P 

Eric M. Eastman, Chief Technical Officer & Sr V-P 

Douglas Dolginow, M.D., Sr V-P 

David S. Murray, Sr V-P 

DIRECTORS - 

Jules Blake 

Micheal J. Brennan 

Charles L. Dimmler 

Mark D. Gessler 

G. Anthony Gorry 

Jeffery D. Sollender 

OFFICE- 7-08 Quince Orchard Rd., Gaithersburg, MD 20878 (Tel.: 
301-987-1700). Fax - 3 01-987-1701. WEBSITE-http : //www. genelogic . com. 



3/4/48 (Item 2 from file: 133) 

DIALOG (R) File 133:S&P"s Corp . Descrip . +News 

(c) 2001 McGraw-Hill Co. Inc. All rts. reserv. 

*00029039 

Incyte Genomics Inc. 

CORPORATE BACKGROUND 

BUSINESS DESCRIPTION- 

Incyte Genomics, Inc. (INCY) , formerly Incyte Pharmaceuticals, Inc., 
provides genomic information-based products and services. These products 
and services include database products, genomic data management software 
tools, microarray -based gene expression services, genomic reagents and 
related services. INCY focuses on providing an integrated platform of 
information technologies designed to assist pharmaceutical and 
biotechnology companies and academic researchers in the understanding of 
disease and the discovery and development of new drugs. 

INCY's genomic databases integrate bioinf ormatics software with 
proprietary and, when appropriate, publicly available genomic information. 
In building the databases, INCY utilizes high- throughput , computer-aided 
gene sequencing and analysis technologies to identify and characterize the 
expressed genes of the human genome, as well as certain animal, plant and 
microbial genomes. By searching INCY's proprietary genomic databases, 
customers -can integrate and analyze genomic information from multiple 
sources in order to discover genes that may represent the basis for new 
biological targets, therapeutic proteins , or gene therapy, antisense or 
diagnostic products. The pharmaceutical and biotechnology industries use 
INCY's genomic products and services to accelerate the discovery and 
development of new diagnostic and therapeutic products. INCY's products and 
services can be applied to gene and target discovery, functional genomics 
studies, preclinical pharmacology and toxicology studies, and can aid in 
understanding and analyzing the results of clinical development studies. 

INCY provides access to its genomic databases through collaborations with 
pharmaceutical and biotechnology companies worldwide. As of Dec. 31, 1999, 
more than twenty companies had entered into multi-year agreements to obtain 
access to the company's databases on a non-exclusive basis. 
RESEARCH & DEVELOPMENT EXPENDITURES, Yrs . End. Dec. 31.: Thous. $ 

1999 146,833 1998 97,192 1997'. 68,900 

EMPLOYEES - December 31, 1999, 1,108. 



CAPITAL EXPENDITURES, Yrs . End. Dec. 31.: Thous $ 

1999 34 < 758 ; 30, 710 1997 26, 100 

SUBSIDIARIES- 

Incyte Europe Holdings Limited 
Incyte Europe Limited 
Synteni, Inc. 

INCORPORATED in Delaware in April 1991 as Incyte Pharmaceuticals Inc 
Present title adopted June 15, 2000. rmaceuticais , Inc. 
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FN- DIALOG (R) File 144: Pascal | 

CZ- (c) 2001 INIST/CNRS. All rts . reserv. I 

AN- <DIALOG> 14795686 | 

AN- <PASCAL No.> 00-0475982] 

TI-<English> Automated analysis of multivariate nonlinear gene relations 

based on cDNA microarray expression data| 
TI- <English> Advances in nucleic acid and protein analyses, 
*m m ^ T I T ? T !^ lafclC>n, and ■•9 tt «ciaff J San Jose CA, 26-27 January 20001 

3 ^^ s a ^?^ ' BITTNER ' L; YID ° NG ™^IVAkU K; 
AU " WeSS T^tdf' ed '' ° WICKI ^ C ' 6d; RAGHAVACHARI Ramesh, ed; 
CS- Department of Electrical Engineering, Texas A&M University, United 

f^ a ^ es '' National Human Genome Research Institute, National Institutes 

of Health, United States; Department of Electrical Engineering, 

Washington State University, United States j 

CS ~ S?itest tl0nal S ° Ciety f ° r 0ptical Engineering, Bellingham WA, United 

CT- Advances in nucleic acid and protein analyses', manipulation, and 

sequencing. Conference | 
CL- San Jose CA USA| 
CY- 2000-01-26| 
JN- SPIE proceedings series I 
PY- 2000 | 
VO- 3926 | 
PG- 150-155 | 
BN- 0-8194-3542-2| 
SN- 1017-2653] 

AV- INIST-21760; 354 000090080960190 1 
RF- 18 ref . | 

DT- P (Serial); C (Conference Proceedings) I 
DT-- A (Analytic) | 1 
CP- United states | 
LA- English] 

AB- A cDNA microarray is a complex biochemical -optical system whose purpose 
is the simultaneous measurement of gene expression for thousands of 
genes, mis paper describes a general statistical envircnms-t fo- 



finding associations among gene expression patterns, and between genes 
and external conditions, via the coefficient of determination. This 
coefficient measures the degree to which the transcriptional levels of 
an observed gene set can be used to improve the prediction of the 
transcriptional state of a target gene relative to the best possible 
prediction in the absence of observations. Various aspects of the 
method are discussed: prediction quantification, design of predictors 
given small numbers of replicated microarrays, and constrained 
prediction using ternary perceptrons . A main focus is the supporting 
software and its facilities for data analysis and visualization. 

DE- <English> Analysis method; Gene expression; Gene; Computer science; 
Software; Multivariate analysis; Non linear filter | 

DE- <French> Methode analyse; Expression genique; Gene;. Inf ormatique ; 
Logiciel; Analyse multivar iable ; Filtre non lineaire; Reseau haute 
densite DNA complementaire | 

DE- <Spanish> Metodo analisis; Expresion genetica; Gen; Informatica; 
Logicial; Analisis multivariable ; Filtro no lineal | 

SC- 002A04B| 

CR- Copyright (c) 2000 INIST-CNRS. All rights reserved. | | 
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FN- DIALOG (R) File 144: Pascal] 

CZ- (c) 2001 INIST/CNRS. All rts . reserv.] 

AN- <DIAL0G> 14794508 | 

AN- <PASCAL No.> 00-0474731 | 

TI- <Bnglish> Expression ratio statistics and its applications to 

microarray data analysis | 
TI- <English> Advances in nucleic acid and protein analyses, 

manipulation, and sequencing : San Jose CA, 26-27 January 2000 | 

AU- YIDONG CHEN; KAMAT V; DOUGHERTY E R; BITTNER M L; MELT2ER P S; TRENT J 
M| 

AU- LIMBACH Patrick A, ed; OWICKI John C, ed; RAGHAVACHAR I Ramesh, ed; 
WE I HONG TAN, ed | 

CS- Cancer Genetics Branch, National Human Genome Research Institute, 
National Institutes of Health, Bethesda, Maryland, United States; 
Computer Assisted Medical Diagnostic Imaging Laboratory, Department of 
Electrical Engineering, Texas ' A&M University, College Station, Texas,. 
United States] 

CS- International Society for Optical Engineering, Bellingham WA, United 
States | 

CT- Advances in nucleic acid and protein analyses, manipulation, and 

sequencing. Conference! 
CL- San Jose CA USA| 
CY- 2000-01-26| 
JN- SPIE proceedings series] 
PY- 2000 | 
V0- 3926 I 
PG- 142-149 | 
BN- 0-8194-3542-2 | 
SN- 1017-2653] 

AV- INIST-21760; 354000090080960180] 
RF- 4 ref . | 

DT- P (Serial); C (Conference Proceedings)] 
DT- A (Analytic) | 
CP- United States | 
LA- English] 

AB- Microarray technology makes it possible to monitor expression levels of 
thousands of genes simultaneously during single or multiple 
experiments. Routinely, in order to analyze gene expressions level 
quantitatively, two fluorescent- labeled RNAs are hybridized to an array 
of cDNA probes on a glass slide. Ratios of gene expression levels 
arising from two co-hybridized samples are obtained ' through image 
segmentation and signal detection methods. During the past three years, 
we have developed a gene expression analysis system in which ratio 
statistics have been applied to expression analysis, and a ratio 
confidence interval has been established to identify ratio outliers. By 
using local background subtraction and weak target elimination, we have 
been able tc- assume that the fluorescent background level does not 



interfere with ratio measurement- however ^ 

ratios derived from either lell targets l'r experience s "9gests that 
background possess greater variation than \? ^V™* ° f high local 
This paper proposes a new interact?™ ™h ^ fr ° m Str0ng tar 9^s. 
background and hybridization =i - del betwe en fluorescent 
numerically evaluated Ind a self *J- ratio statistics are 

employed. The seH-adiustina tlt'f 3 ? UStln 3 «*fidence interval is 
adapts under different sSSl to ln ^ erval - w hich automatically 

criterion to further in errog^te we'Kx^sf' 0 ?' P f° VideS 3 bette " 

asr «• ^«:/j^ 8tical analysis . 

: « ms^stk* 9enique; Gene; — 
DE " :s^^iic?^ io r lisis; Expresion 9enetica; Gen; taaiisis 

SC- 002A04B| 

CR- Copyright (c) 2000 INIST-CNRS. All rights reserved. | | 
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FN- DIALOG (R) File 151 .-Heal thSTARl 

2." M C }i3 f ?Sr t ^ 2000 ^ Dial ° 9 C °^ rati -- AH rts. reserv., 
AN- <NLM> 20433278) 

AU- MacBeath G; Schreiber SL| 

CP- UNITED STATES | 

PY- Sep 8 2000 | 

SN- 0036-8075) 

JC- UJ7 J 

S- ENGLISH | SCiSnCe 2000 ^ 8 '' 289 ^485):1673| 

DT- JOURNAL ARTICLE I ' 

JA- 0011 | 

' SF- INDEX MEDICUS) 

SF- MED/20433278) 

Biotin 61 ^ :^ h ? mistr y - CH 'Proteins -Metabolism -ME; 

Finn- ^°n 1Sm ~~ ME; Di 9°*igenin -Metabolism -ME; Fluorescence 
•Fluorescent Dyes; Ligands; Phosphorylation; ' Fluorescence 

Albumfn 2 ""."^nnacology -PD; Protein Folding; Robotics- Serum 
RN n lnS; Su PP° rt ' Non-U.S. oov'tl 

0 ,A 7p^1;.?. 0 (F1 ^ e reSCe ^ DyeS,; ° (Li ^ ds »<- 0 (Piperazines) 

, n (DigoiSn^f 58-85 J Ser ^oUnH n ' '' 1612 '"~* 

*D- EC 2.7.1.37 (Protein Kinases) j 

^> 3/4 {??._ <"«m 1 from file: 155) 

.-*A_yC-;?.; File 2 55 : MEDLINE (R) ' 



CZ- (c) format only 2000 Dialog Corporation. All rts. reserv. | 

AN- 10591540| 

AN- <NLM> 20473216) 

TI- Picture story. A protein xnicroarray . | 
AU- Feng HP| 

JN- Nature structural biology; 7 (10) p829| 

CP- UNITED STATES | 

PY- Oct 2000| * 

SN- 1072-8368] 

JC- B98 | 

LA- ENGLISH | 

DT- Journal Article) 

SF- INDEX MEDICUS| 

GS - Human | 

DE- *Proteins --chemistry --CH; 
DE- Genome, Human) 
RN- 0 (Proteins) | 
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FN- DIALOG(R) File 165 : EventLine (TM) | 

CZ- (c) 2001 Elsevier Science B.V. All rts. reserv.) 
AN- 00495021| 

TI- The World's First Meeting on Protein Microarray Technology) 

ET- Conference) 

DA- March 21-23, 200l| 

EY- 2001 | 

ES- March 21-23, 2001 
EE- March 21-23, 2001 
HS- Hilton SD Resort 
CY- San Diego 
ST- California, USA 
CN- USA | 

RG- North America] 
EX- No) 

ON- IBC USA Conferences Inc. | 
DP- Suite 400A) 

AD- One Research Drive, POB 5195 | 
CT- Westborough, MA 01581-5195 | 
OC- USA | 

TE- (508) 616-5550) 
FX- (508) 616-5522) 
SI- No | 

DE- Pharmaceutics/Pharmacology 15000; Pharmaceutics - General 15010; 

Biotechnology 18000; Biotechnology - General 18010; Biology 19000; 

Genetics 19030; Immunology 19040; Microbiology 19050; Chemicals 46000; 

Drugs and Pharmaceuticals 46040 | 
PD- 010212) 
UR- ibcusa.com/2541 | 
EL- reg@ibcusa . com | 
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FN- DIALOG(R) File 174 : Pharm- line (R) | 

CZ- (c) CROWN COPYRIGHT 2001. All rts . reserv. | 

AZ- 00174645) 

TI- AMPHOTERICIN B- INDUCED DIFFERENTIAL EXPRESSION OF GENES ENCODING 

IMMUNOMODULATORY PROTEINS IN HUMAN T- AND B- LYMPHOCYTES DETECTED BY 
CDNA MICROARRAY | 

AU- Rogers PD et al. j 

SO- Pharmacotherapy Oct 2000 ; 20 (10) : 1262 | 
PY- 2000 | 

AB- Paper presented at the 2000 Annual Meeting of the American College of 
Clinical Pharmacy, Los Angeles, California, 5-8 Nov 2000. Abstract No. 
204. In vitro study. Cell culture.) 

DE- AMPHOTERICIN; GENES; T- LYMPHOCYTES ; B - LYMPHOCYTES ; IN VITRO TESTS; DNA; 
RNA ; PHARMACOGENETICS I 
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CO- 57666 USE FORMAT 9 TO SEE COMPANY DIRECTORY RECORD, 

3/4/56 (item 2 from file: 286) 

Si Km? 1 ; 286:Bi0 «rce Abs. & Dir., 

2- 0^54177 1 10C ° mmerCe Data Ltd - reserv., 

ST- NJ| 

CO- 48850 USE FORMAT 9 TO SEE COMPANY DIRECTORY RECORD | 

3/4/57 (item 3 from file- 2861 

3: M?? 1 ; ^^"ceV. Dir. | 

S, 0S45090I Bl ° COmmerCe Data Ltd - AH rts. reserv. | 

ST- Cambs| 

CO- 45490 USE FORMAT 9 TO SEE COMPANY DIRECTORY RECORD, 

3/4/58 (item 4 from file- 286) 

3: f^looVl^r 286 = B -«rce ibs. & Dir., 

S- Ool 8 9693 Bl ° COmmerCe Dat * ltd. All rts. Ieserv., 

JA- 20000927 

DT- 1| 

ST- Revised)' 

s: ^»:e n r e i s 2S 2 s o s 0 ;r lease ' 12SEP20001 

, to co-develop T r ch2 teSnnf Techn °l°9y (CAT) are 

proteins using anlibodj based m i.^ 97 f0ir the de tection of 

its own research , Y *«roarr ay8 . Each company will fund 

S" rf G1 y coSci ences pic (OGS) , UK (37757) I 

CO- Cambridge Antibody Technology Group plc "cat) , UK (41897, | 

3/4/59 (Item 5 from file- 28fi> 

3" ff^ R,File 286 = Bioco mm ;rce ibs. & Dir | 

S-" o'oUol B10C ~ CS Data "d. All rts'reserv. , 

JA- 19990729 

DT- 7 | 

ST- Revised) 

AB- Reviews of Celltech'« !!!' 1?(8) ' Pa 9 e(s) 741 l 

Europe's lLoest bioLrhnn? 961 Wlth Chiro science which will create 
; over$l billion f bl ° technol °9Y ^mpany with a market capitalisation It 

rn~ C f lltech PlC UK (42465) , 

CO S^fr^u" Gr ° Up Plc ' UK < 31 *°9> I 
CO- Abbott Laboratories Inc, USA ( 38) 

CO- Peptide Therapeutics Group Die UK iHnm 
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CZ- (c) 2001 BioCommerce Data Ltd. All rts . reserv. | 

AN- 00181900 

JA- 19990729 

DT- 7 | 

ST- Revised) 

JN- Nature Biotechnology Supplement, JUN1999, Vol (No) 17(6), Page(s)' 
BE6-BE7| 

AB- Review discussing factors to be considered when making, a biotechnology 

company acquisition or disposal. | 
CO- PricewaterhouseCoopers (PwC) , UK (47115)) 
CO- .Medea International Healthcare Consulting, UK (18272) | 
CO- Phytera Inc, USA (30893) | 

CO- Auda Pharmaceuticals ApS, Denmark (42101) | 

CO- Fuisz Technologies Ltd, USA (25649) | 
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CO- Clark Laboratories Inc, USA ( 7522) | 

CO- Synteni Inc, USA (36779) | 
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CO- Watson Pharmaceuticals Inc, USA (30541) | 
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CO- Peptide Therapeutics Group pic, UK (33374) | 

CO- SEQUUS Pharmaceuticals Inc, USA (35600) | 
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CO- Gene Logic Inc, USA (37419) | 
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CO- Elan Pharmaceuticals, USA (55226) | 

CO- Acambis pic, UK- (57790) | 
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FN- DIALOG (R) File 2 86 : Biocommerce Abs . & Dir.j 

CZ- (c) 2001 BioCommerce Data Ltd. All rts. reserv. | 

AN- 00161674' 



JA- 19971006 | 
DT- 2 | 

ST- Revised) 

using Saccharomyces cerevJsiae as Tmode? * MediCal Center are 

interactions. Segments or gene w e i^T 5 ^^ diS6aSe gene 

chip to detect which rnas are active it P J ° n 3 micr °«ray 
presence of an RNA will indicate that tit „}! Y&aSt Cells and the 

being produced. | ^aicate that the disease causing protein is 

CO- Texas, University of, Southwestern Medical Center, USA (15885) | 

3/4/62 (item 1 from file: 342) 

CZ- (cfSoi'n 116 342:Derwent stents Citation Indxf 
p« L Kl l 1 Derwent In f° ^d. All rts. reserv I 

^62827^ IndSX <DIAL0G File 342,1 

JJSSgS t C arg n e e ts e o n rd d ru n ? dTr* 1 " Pr ° teins 

men^ranlbLnd and f?ee Dolvfom^ Pm f ^ deriving probes f ™< 
comparison - | Polysomes and performing microarray-based 

PA- (QUAR-) QUARK BIOTECH INC; (KOHN/) KOHN K 1 1 
AU- <INVENTORS> SKALITER R; EI NAT p/mOrT SovAK L| 

NT- 001 

NR- 004 

NG- 000 

PN- <BASIC> WO 200056935 Al 000928 A (BASIC) I 

DW- <BASIC> 0060 | ^AblCj | 

-PN- <EQUIVALENTS> AU 200039168 A 0010091 
AN- <PRIORITIES> US 125975 (990324)1 

Si (000324,, 

CU; CZ; DE; DK DM EE ES PT r« An^ BG '' BR/ BY; CA; CH ' CN <" CR; 
; IS; JP; KErKG KP KR KZ LC ;' D GE ;'o GH; ° M; HR '' ID ' IL ' ™ 

NK; MN; MW; MX; NO; N Z f P L f PT RO RU SE "VV^ ^ MG; 

DS- <RE™ONA? 5' ? ; °°' ^ « VV E; TJ '" ™ 

Ub- <REGIONAL> AT; BE; CH- CV. np. nir 

IT; KE; LS; LU; MC^ MW; W PT SD SE SL^VV^ GR/ IE; 

IC- .C12M-003/00| : ' ' SL/ SZ; TZ '' UG '* 2W 
DC- B04; D16| 

CT- WO 200056935A Uq cnn^Tj * 

ENTERPRISES LTD (S K0 £n K I inXiT 9 "'" (QBIQ - } QBI 
R, GROSMAN Z| " ^ * If S, EINAT P, HARRIS N, SKALITER 

RF- $ 

RF- WO 200056935A MECHT pp mm ,t , . 

RF- WO 200056935A BHARUCHA pt it . 

and polysomal mRNAs by sucrosf deSitJ 'client *^ : f 2ati ° n ° f P ol y som " 
immobilization in polvacrvlami «!i 7 ? radlent "ntnfugation followed by 
216, 1992, page. lS »M2fSsS METHODS IN ENZYMOLOGY vol . 

M^cro^rajl^^xpression'moni? ^T' AL . : 'Parallel human genome analysis: 
SCI. USA . vol 93 October 1996 ° rln9 , * 000 9 enes ' PR OC. NATL. ACAD 
RF- WO 200056935A chK'e? ^ ^ ' 10S19 ' XP ° 02 ^°0 

with High-Density DNA arrav," trL^'', Accessing Genetic Information 
- 614, XP002022508I * 9tlUUV ° 1 ' 274 ' 25 Oc tober 1996, pages 610 

3 /4/63 (item 1 from file: 351) 

DIALOG (R) File 351 :Derwent WPI 

(O 2001 Derwent Info Ltd. All rts. reserv. 

AA- 2001-201999/200120 I 
XR- <XRAM> C01-059917) 

TI " P^i S n S ti0 a n s=oc' a ? e 5 r ° b ^ S COmP ^ Se Part ° f 9Sne S ^ ence ^in 9 

a 8 -o..a t ed w.th cell proi iteration useful as hybridizable 



array elements in Microarraya to monitor expression of target 
polynucleotide | ~ 
PA- INCYTE PHARM INC (INCY-N) | 

AU- < INVENTORS > BAND MAN 0; BAUGHN M R; GUEGLERK J; HILLMAN J L ■ LAL P- 

REDDY R; YUE H| 
NC- 001 | 
NP- 001 | 

PN- US 6183968 . Bl 20010206 US 9879677 - A 19980327 200120 B 

<AN> US 99276531 A 19990325 | 
AN- <L0CAL> US 9879677 A 19980327; US 99276531 A 19990325 1 
AN- <PR> US 9879677 A 19980327; US 99276531 A 19990325 | 
FD- US 6183968 Bl C12Q-001/68 Provisional application US 9879677 1 
LA- US 6183968 (104) | 1 
AB- <PN> US 6183968 Bl | 

-AB- <NV> NOVELTY - A composition (I) comprising several polynucleotide 

probes (II) , is new. | 
AB- <BASIC> DETAILED DESCRIPTION - 134 (S1-S134) probe sequences are 
claimed in the specification such as probes having a fully defined 
sequence of 1419 (SI), 468 (S2), 2351 (S3), 887 (S4), 1350 (S5) , 102 
{S6) , 1233 (S7) , 3556 (S8) base pairs as given in the specification. 

USE - (II) is immobilized and is preferably useful as hybridizable 
array elements in a microarray (claimed) for monitoring the expression 
of several polynucleotides. The microarray can be used in the diagnosis 
of cancers such as adenocarcinoma, leukemia, lymphoma, melanoma, 
myeloma, sarcoma and tetratocarcinoma etc., immunopathology such as 
AIDS, Addison's disease, adult respiratory distress syndrome, 
allergies, anemia, asthma, atherosclerosis and bronchitis etc., 
neuropathology such as Alzheimer's disease, amnesia, amyotrophic 
lateral sclerosis, bipolar disorder, catatonia and cerebral neoplasms 
etc. The microarray can be used for large scale genetic or gene 
expression analysis of a large number of target polynucleotides. The 
microarray can also be used in the diagnosis of diseases and in the 
monitoring of treatments where altered expression of genes coding for 
the proteins associated with cell proliferation or receptors cause 
disease. The microarray can also be used to investigate an individual's 
predisposition to a disease such as cancer, immunopathology or 
neuropathology. Also, they can be used for investigating cellular 
response to infection, drug treatment etc . The microarray can be -used 
for diagnostics, prognostics and treatment regimens, drug discovery and 
development, toxicological and carcinogenicity studies, forensics, 
pharmacogenomics etc. The arrays can also be used for monitoring 
disease progression. (I) can be used to purify a subpopulation of 
mRNAs, cDNAs , genomic fragments etc., in a sample. 

ADVANTAGE - When (I) is employed as hybridizable array elements in 
a microarray, the array elements are organized in an ordered fashion so 
that each element is present at a specified location on the substrate. 
Because the array elements are at specified locations on the substrate, 
the hybridization patterns and intensities (which together create a 
unique expression profile) can be interpreted in terms of expression 
levels of particular genes and can be correlated with a particular 
disease or condition or treatment.' 
pp; 104 DwgNo 0/0 | 

AB- <TF> TECHNOLOGY FOCUS - BIOTECHNOLOGY - Preferred Oligonucleotides : 
(II) comprises a nucleotide sequence coding for proteins associated 
with cell proliferation or for receptors. Preferably, each of (II) 
comprises (S1-S8), 774 (S9) , 541 (S10) , 250 (Sll) , 1563 (S12) , 517 
(S13), 1209 (S14), 556 (S15), 4245 (S16) , 50 (S17), 1464 (S18), 1992 
(S19), 796 (S20), 2101 (S21), 2138 (S22) base pairs as given in the 
specification. Preferably, (II) comprises a fully defined nucleotide 
sequence of (S22-S134) as given in the specification. | 

DE-. <TITLE TERMS > COMPOSITION; PROBE; COMPRISE; PART; GENE; SEQUENCE; 

ENCODE; PROTEIN; ASSOCIATE; CELL; PROLIFERATION; USEFUL; ARRAY; ELEMENT 
; MONITOR; EXPRESS; TARGET; POLYNUCLEOTIDE! 

DC- B04; D16| 

IC- <MAIN> C12Q-001/68) 

MC- <CPI> B04-E05; B11-C08E; B11-C08E5; B12-K04A; B12-K04E; B12-K04F; 

D05-H09; D05-H10; D05-H12Dl| 
FS- CPU : 
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DIALOG (R) File 351:Derwent WPI 

(c) 2001 Derwent Info Ltd. All rts. reserv. 

IM- *Image available* 
AA-' 2001-025170/200103 | 
XR- <XRAM> C01-007783] 

TI- Producing microarray chip of chemical compounds e.g. DNAs, peptide 
nucleic acids and polypeptides for use in biological assay/ drug 
screening and gene sequence analysis, with high space resolution and 
accuracy, at low cost| 

PA- LU Z (LUZZ-I) | 

AU- <INVENTORS> HE N; LU Z; ZHAO Y; MA j| 
NC- 091 | 
NP- 003 j 

PN- WO 200071746 Al 20001130 WO 2000CN125 A 20000519 200103 B| 

PN- AU 200045354 A 20001212 AU 200045354 A 20000519 200115 

PN- CN 1274758 A 20001129 CN 99106790 A 19990521 200121 | 

AN- <LOCAL> WO 2000CN125 A 20000519; AU 200045354 A 20000519; CN 99106790 A 

19990521] 
AN- <PR> CN 99106790 A 19990521 | 
FD- WO 200071746 Al C12Q-001/68 

<DS> (National) : AE AL AM AT AU AZ BA BB BG BR BY CA CH CR CU CZ DE DK 
DM EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ. LC LK LR 
LS LT LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ 
TM TR TT TZ UA UG US UZ VN YU ZA ZW 

<DS> (Regional) : AT BE CH CY DE DK EA ES FI FR GB GH GM GR IE IT KE LS 

LU MC MW MZ NL OA PT SD SE SL SZ TZ UG ZW 
FD- AU 200045354 'A C12Q-001/68 Based on patent WO 200071746 | 
LA- WO 200071746 (C<PG> 23) | 

DS- <NATIONAL> AE AL AM AT AU AZ BA BB BG BR BY CA CH CR CU CZ DE DK DM EE 
ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT 
LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR 
TT TZ UA UG US UZ VN YU ZA ZW| 

DS- <REGIONAL> AT; BE; CH; CY; DE; DK; EA; ES ; Ft; FR; GB; GH; GM; GR; IE; 
IT; KE; LS; LU; MC; MW; MZ; NL; OA; PT; SD; SE; SL; SZ; TZ; UG; ZW| 

AB- <PN> WO 200071746 Al | 

AB- <NV> NOVELTY - A method for producing a microarray chip of chemical 
compounds, is new. | 

AB- <BASIC> DETAILED DESCRIPTION - A method for producing a microarray chip 
of chemical compounds comprises: 

(a) designing a microarray chip of the chemicals according to 
requirements and preparing the specific micro reaction chamber; 

(b) immobilizing the reaction chamber onto a substrate with a fixed 
point device to form a micro reaction chamber fixed point synthesis 
system; 

(c) introducing a reaction solution to the synthesis system for 
chemical reaction on the substrate surface after contacting with the 
micro reaction chamber; and . 

(d) controlling the fixed point synthesis by changing the reaction 
chamber, or by regulating the flow of liquid in the reaction chamber to 
provide a microarray chip formed with various compounds on the 
substrate . 

USE - The method is for producing microarray chip of chemical 
compounds, particularly DNA, peptide nucleic acid and polypeptide 
microarray chips (claimed) for use in biological assay, diagnosis, drug 
screening, gene sequence analysis and combinatorial synthesis. 

ADVANTAGE - The chips are reliable, have high space resolution and 
accuracy, and are produced at a low cost. 

DESCRIPTION OF DRAWING (S) - Structure of a micro reaction chamber. 

pp; 23 DwgNo 1/13 | 
AB- <TF> TECHNOLOGY FOCUS - INSTRUMENTATION AND TESTING - Preferred' 
. Equipment: The micro reaction chamber is a patterned mold with 
protrusions and recesses designed which are obtained by micromachining 
e.g. on a silicon wafer substrate through photomasking and etching then 
adding monomers for polymerization and curing to give a molded plate. 
The patterning can be just on the silicon wafer surface, or directly 
machined throuah the wafer with a laser beam, carticle beam, cr 



microknife tool. The reaction chamber can also be a combination of 
different molded plates and microfluid cover plates, optionally 
equipped with micro-valves and electrodes to control the liquid flow in 
the various chambers. A catalyst or bioenzyme can also be added in step 

(c) to promote the bonding of compound (s) onto the substrate. In step 

(d) , the fixed point synthesis can be performed with overlapping or 
without on the same point of the reaction chamber on the substrate. The 
reaction can be generated through an equivalent energy from sound, 
light, heat, electricity or/and magnetism with control, which is 
particularly carried out under vacuum or in an inert gas.) 

DE- <TITLE TERMS > PRODUCE; CHIP; CHEMICAL; COMPOUND; PEPTIDE; NUCLEIC; ACID 
; BIOLOGICAL;- ASSAY; DRUG; SCREEN; GENE; SEQUENCE; ANALYSE; HIGH-'sPACE 
■; RESOLUTION; ACCURACY; LOW; COST | 
- DC- B04; D16 | 
IC- <MAIN> C12Q-001/68| 
IC- <ADDITIONAL> G01N-033/l5| 

MC- <CPI>. B04-B03C; B04-C01; B04-E01; B04-E05; Bll-C; B12-K04; D05-H09- 

D05-H10; D05-H12D; D05-H12D1I 
FS- CPI| | 
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IM- *Image available* 
AA- 2000-672763/200065 | 
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XR- <XRPX> N00-498763| 

TI- Simultaneous detection of many protein -binding ligands, useful e.g. 

for diagnosis and drug screening, uses high-density microarray of 

immobilized peptides | 
PA- UNIV LELAND STANFORD JUNIOR (STRD ) | 
AU- < INVENTORS > BROWN P; HAAB B| 
NC- 021 | 
NP- 001| 

PN- WO 200063701 A2 20001026 WO 2000US10171 A 20000414 200065 B| 
AN- <LOCAL> WO 2000US10171 A 20000414 | 
AN- <PR> US 99129449 A 19990415| 
FD- WO 200063701 A2 G01N-033/68 
<DS> (National) : CA JP US 

<DS> (Regional) : AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SEl 
LA- WO 200063701 (E<PG> 33) | . 
DS- <NATIONAL> CA JP US | 

DS- <REGI0NAL> AT; BE; CH; CY; DE; DK; ES ; FI; FR; GB; GR; IE; IT; LU; MC; 

NL; PT; SE | 
AB- <PN> WO 200063701 A2 | 

AB- <NV> NOVELTY - Simultaneous detection of many protein-binding ligands 
(I) in a sample comprises contacting the sample with a microarray of 
peptides (II), washing to remove unbound sample and detect ing bound 
(I) . The microarray has at least 100 discrete regions, carrying 
different (I), per cm2 of solid planar support.] 

AB- <BASIC> USE - The method is particularly used to detect and quantify 
antigens or antibodies, but may also be used to detect any 
protein-interacting compound, e.g. a polynucleotide, hormone, vitamin, 
co-factor etc., e.g. in large scale diagnostic assays (for detecting 
disease markers, or for assessing response to drugs or . environmental 
factors) ; for drug development and generally in molecular biology, 
immunology and toxicology. 

ADVANTAGE - The miniaturized microarray uses far less sample than 
traditional immunoassays and analysis of many (I) in parallel allows 
diagnosis to be made from a multidimensional pattern of expression. 
Where measurements are taken by comparative fluorescence, greater 
precision over a wide range of ligand concentrations and binding 
affinities is achieved, compared with measuring the absolute amount of 
bound ligand. 

DESCRIPTION OF DRAWING ( S ) - The figure shows a side-view of a 
reagent-dispensing device having an open- capillary dispensing head, 
pp; 3 3 DwgNo 1/S! 



AB- <TF> TECHNOLOGY FOCUS - BIOLOGY Pr f 

sample are labeled, particularly with fW Materials: <D in the 
biological fluid (especially blooJ or ° ^ Sample ^ a 

supernatant or a cell l ysat e (tt) iLt derivatives), . a cell culture 
antigens and contain at least 50 amino pa " lcular ly antibodies or 

7-8 medium containing « nL"»?c fc«,S nf SeV " aI " PH 

IC- <MAIN> G01N-033/68| 
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FD- WO 200056935 Al C12Q-001/68 

» * « " ^ CA CH CN CR - « - 

LR LS LT LU LV MA MD MG MK MN MW MX m M7 nf n S J? ^ KG KP KR KZ LC LK 

- - F£ ' R0 RU SD SE sc SI SK * 

»■ £ ™ 0B GH " GR IE IT = » 

LA- WO 200056935 (E<PG> 29) | ° n Patent W0 200056935 1 

K " ST^^^I.^" » » - - » « ch „ a, c, CZ DE DK » 
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AB- <NV> NOVELTY - A m^nL,* «= 

or secreted proSeS^S.^jS. 1 "? Cl ° n6S whic ^ encode membranal 
extracted from membrane bouna pXotfLff Pr0b ? B fr0m total "» 
microarray based comparison of ?h f d free P ol ysomes and 

M ^JP ecies ' ^ new f ° 6 rSlatlVe abunda nce of the different 

identifying targets of ™ i provldes an efficient tool for 
for augmenting conventiona? di??eSf i The 1 method "rves as a tool 
abundance in different sources bv v .r 1 ^ 13 ° f relative *» 
extracted from specific subcellu?L ^ U * ° r lta use of ™* 
Probes (claimed) subcellular compartments as templates for cDNA 

ADVANTAGE - The m*thn* „n 
^•^rSSE'o 1 ^ ^ "e1re\ 1 ed° W pro r t a ^ns identifiCati0n ° f hl *^ 



AB- <TF> TECHNOLOGY FOCUS - BIOTECHNOLOGY - Preferred Method: Total RNA is 
prepared by cell fractionat ion which includes creating polysomal 
subdivisions which can discriminate between total polyribosomes and 
membrane -bound-polysomes . The intact total RNA is then extracted from 
specific cellular compartments by sucrose step analysis. The method 
further includes repairing a cell lysate using TEA (not defined) based 
hypotonic buffer, ascertaining mRNA intactness using RNase inhibitors 
and separating rough endoplasmic reticulum membranes using sucrose step 
gradient . | 

DE- <TITLE TERMS > IDENTIFY; CLONE; ENCODE; SECRETION; PROTEIN; IDENTIFY* 
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AA- 2000-611434/200058 | 
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TI- Microarray of peptide affinity probes useful for analyzing and 

quantitating gene products is formed on the porous membrane proximate 
to an electrode | 

PA- COMB I MATRIX CORP (COMB-N) | 
- AU- <INVENTORS> MONTGOMERY D D; ROSSI F Ml 

NC- 089 | 

NP- 002 | 

PN- WO 200053625 A2 20000914 WO 2000US6676 A 20000310 200058 B| 
PN- AU 200038833 A 20000928 AU 200038833 A 20000310 200067 | 
AN- <LOCAL> WO 2000US6676 A 20000310; AU 200038833 A 20000310| 
AN- <PR> US 99123877 A 19990311; US 99123791 A 199903111 
FD- WO 200053625 A2 C07K-001/00 

<DS> (National) : AL AM AT AU AZ BA BB BG BR BY CA CH CN CR CU CZ DE DK 
DM DZ EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK 
LR LS LT LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL 
TJ TM TR TT TZ UA UG US UZ VN YU ZW 

<DS> .(Regional) : AT BE CH CY DE DK EA ES FI FR GB GH GM GR IE IT KE . LS 

LU MC MW NL OA PT SD SE SL SZ TZ UG ZW 
FD- AU 200038833 A C07K-001/00 Based on patent WO 200053625 1 
LA- WO 200053625 (E<PG> 52) | 

DS- <NATI0NAL> AL AM AT AU AZ BA BB BG BR BY CA CH CN CR CU CZ DE DK DM DZ 
EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS 
LT LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM 
TR TT TZ UA UG US UZ VN YU ZW | 

DS- <REGIONAL> AT; BE; CH; CY; DE; DK; EA; ES; FI; FR; GB; GH; GM; GR; IE; 
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AB- <PN> WO 200053625 A2 | 

AB- <NV> NOVELTY - An array (I) of peptide probes comprising a porous 
membrane proximate to at least one electrode, is new. | 

AB- <BASIC> DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for 
the following: 

(1) producing an array of peptide probes for analyzing gene 
products comprising: 7 

(a) providing a substrate having at its surface at least one 
electrode that is proximate to an amino acid bearing a protected 
chemical functional group; 

(b) applying a potential to the electrode sufficient to generate 
electrochemical reagents capable of deprotecting the protected chemical 
functional groups of the. amino acid; and 

(c) bonding the deprotected chemical functional group with another 
amino acid; and 

(2) making an array of one or more peptide probes for analyzing 

gene products comorisinq: 



array VelSodes tnat" 1 ?! " SC3Ven 9 in 9 s °^tion in contact with an 
surfLe bLng proxLSe t « on r ° Xlmate t0 substrate surface, where the 
che m ical1;nctL r nai1r:ura?L^L r dTo re ic min ° ^ bearlng 3 
on the^nc- C S depr ° teCting 3 epical functional group 

functwlro^p^o'one" £Z?? ^ ' Pr ° teCted chemical 

of the amino acid; and ^ ae P rotected ^emical functional groups 

group d on r : P bonde n d Protect^ aminf * r0t * Cti ™ ° f a chemical Actional 
additional amTno a£S to the den^ ? f d subsea ^ntly bonding an 
until at least ?wn L 5 deprotected chemical functional group 

the substra a r S u? r ace P PeptldM ° f dSSired len 9 th " e ^ on 

gene U producTin de a^ amount of a 

the functional bindina domain !f ( ' ls / iso useful for identifying 

PP; 52 DwgNo 0/12 | 

AB- <TF> TECHNOLOGY FOCUS - BIOTECHNOLOGY - Preferred Array (I) romn ^ = 
at least 100 nrpfpraKiw 1nnn i . . icueu Array, (i) comprises 

IC- <MAIN> C07K-001/00| 
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TI " ™ a ^ ay ° f P8ptide affinit y P^be S useful for analyzing and ■ 

2 I electroler 6 ? " ^ °" P ° r ° US memb "- Parnate to 

TI- peptide probe | 
AU- Rossi F M Montgomery D D| 
PA- Combimatrix| 
PN- WO 200053625 1' 
PD- 20000914 | 
CS- Burlingame, CA, USA. | 
CS- Combimatrixj 
SO- Combimatrixj 
PY- 2000) 
CD- Combimatrixj 
"LA- English; 



"~ arr5y Cf pep:id£ ?-vbes containing 5 porous membrane prcxiamte t: 
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least one electrode, is new. Also claimed are: producing an array of 
peptide probes for analyzing gene products; and making an array of one 
or more peptide probes for analyzing gene products. The methods can be 
used for determining the presence or quantiating the amount of a gene 
product in a biological sample, The array is also useful for 
identifying the functional binding domain of a gene product in a 
sample. The peptide probes arrays are useful for discovering new drug 
targets . (52pp) | 
SO- Burlingame, CA, USA. | 

DE- gene product quantitation, peptide probe, electrode (Vol.20, No.2)| 
SH- GENETIC ENGINEERING AND FERMENTATION Nucleic Acid Technology | 
SC- Al| 
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TI- Miniaturized electrospraying as a technique for the production of 

microarrays of reproducible micrometer sized protein spots | 
DT- CONFERENCE PROCEEDING | 

AU- Moerman, Robert; Frank, Johannes; Marijnissen, Johannes C. M. ; 

Schalkhammer , Thomas; van Dedem, Gijs W. K. | 
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prodn. of microarrays of reproducible micrometer sized protein spots) | 
DE- Capillary tubes; Drops; Electric field; Electrolytes; Meniscus; 
Proteins, general, processes; Reagents; Surface electric charge; 
Surfactants 

(miniaturized electrospraying as a technique for prodn. of microarrays 
of reproducible micrometer sized protein spots) | r 
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uses, miniaturized electrospraying as a technique for prodn.. of 
microarrays of reproducible micrometer sized protein spots] 
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DT- CONFERENCE PROCEEDING | 

AU- Mayer, Christian; Palkovits, Roland; Bauer, Georg; Schalkhammer, Thomas 
I 

AU- <EDITOR> Van den Berg, Albert (Ed); Olthuis, W. (Ed); Bergveld, Piet 
(Ed) ; | 

CS- <LOCATION> Kluyver L. for Biotechnology; TU-Delft; 2 62 8BC; • Delft ; Neth. 
I 

PU- Kluwer Academic Publishers, Dordrecht, Neth| 

JN- Micro Total Anal. Syst. 2000, Proc. .mu.TAS Symp., 4th, P553-556| 

?Y- 2000' 



CO- 69AJPB i 
LA- English 



SC- CA209001 Biochemical Methods- CA?nfiYYY n flT , a i « ■ u ■ 
ID- protein structure micro!™' sSfacfLhaS Bl °chemistry | 

crosslinking| V sur£ace enhanced resonance immobilization 

DE- Biosensors 

3/4/71 (item 3 from files 399) 

FN- DIALOG (R) File 399:CA SEARCH(R)| 

Si nno^Jssr" 0 ^ CHEMICAL S0CIETY - reS6rV -l 
AZ- 133 (22) 307185t| 

S- 3«| ayS analySiS ° f P"^ 1 "-"^ interactions, 

AU- Gamer, Jurgen| 

CS- <L0CATI0N> Graffinity Pharmaceutical Design GmbH; Heidelberg; Germany; 

PU- Spektrum Akademischer Verlagl 
JN- BlOspektrum, V6, N5, P415-416I 
PY- 2000 [ 1 
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LA- German) 
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SC- CA209002 Biochemical Methods I 

ID- nucroarray protein ligand interaction! 
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CO- PIXXD2| 

LA- English | 

CL- G01N-033/68A) 

DC- CA; JP; US | 
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TI- Microarrays of peptide affinity probes for analyzing patterns of 

protein synthesis and their synthesis and methods for analyzing gene 
products | 

DT- PATENT | 
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SC- CA209002 Biochemical Methods; CA203XXX Biochemical Genetics; CA234XXX 
Amino Acids, Peptides, and Proteins] 

ID- peptide affinity probe proteome analysis bioelectrode | 

DE- Fluorescent dyes 

(as reporter groups; microarrays of peptide affinity probes for 
analyzing patterns of protein synthesis and their synthesis and methods 
for analyzing gene products) | 

DE- Membrane electrodes 

(bioelectrodes , peptide arrays immobilized om; microarrays of peptide 
affinity probes for analyzing patterns of protein synthesis and their 
synthesis and methods for analyzing gene products) | 

DE- Protective groups 

(Fmoc, in synthesis of peptides on membrane electrodes; microarrays of 
peptide affinity probes for analyzing patterns of protein synthesis and 
their synthesis and methods for analyzing gene products) | 

DE- Electrochemistry 

ffor anal, of patterns of protein synthesis; microarrays of peptide 
affinity probes for analyzing patterns cf protein synthesis and their 



DE- s|iScS Zl-ltt f ° r analy2i ^ 9ene products, | 

de- SolL? for analyLn9 itSS, synthesi! and their synthesis 

"^^1^2^^ «s°:,? d -? f gene producc ^ 

patterns of protein synthesis and P Jw affln "y P r °bes for analyzing 
DE- Peptide library y nttiss ^ and their synthesis and methods fo) | 

pa°tS S'SieS^SlS. 0 ^?- aff \ nity P " b " analyzing 
analyzing gene products) I lr s y nthesis and methods for 

RN- 76197-35-8 92557-80-7 

-l"in7pm%^^^^ P«*.- ^r 

for analyzing gene prodScS Synthesis and thei ' synthesis and methods 
RN- 68-19-9 1941-24-8 

to- ™«^I 5 £ 6P ,n,li " ln9 9« pS and eheir symh " is «i 

synthesis on membrane electron* «f «■ 
probes for analyzing pattern? S So^ „ ^ r " ys ° f peptide affinity 
^ and methods for analyzing gene prXts| ^ ^ thesis* 

3/4/74 (item i from file- 4201 

DIALOG (R) File 420:UnCover ] 

(O 2001 The uncover Company. All rts. reserv. 

AZ- 14072324 I 

AA- 251130199197| 

TI- New Protein Microarrays . I 
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AB- Devices could ease screening of cellular proteins en masse., 
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• Frocein arrav , pJoMg'^™"""* 1 res "rch, biotechnology, 
' ah V ' plQ screen ing, rapid detection 

- * u-_ screen! hq , HTS 1 



appl; cations . hi ah* thrcu: 



PC- P8030 Pharmacy and Pharmacology/ Pharmazie und Pharmakologie/ 

Pharmacie et Pharmacologic ; P85121 Biochemistry and Biotechnology/ 
Biochemie und Biotechnologie/Biochimie et Biotechnoloaie I 

PD- February 11, 2001 1 " 3 1 



3/4/76 (Item 1 from file: 501) 

DIALOG (R) File 501:Extel Intl News Cards 

(c) 2001 Extel Financial Inc. All rts. reserv. 

00658866 

Publication Date: September 12, 2000 

Oxford GlycoSciences PLC 

Country: UNITED KINGDOM (GBR) 

ACTIVITIES 

Oxford GlycoSciences PLC 
Activities 

Company and Cambridge Antibody Technology ("CAT") announced collaboration 
to develop "protein chip" technology. 

Technology is for detection of proteins using antibody based microarrays 

Companies will combine their respective technologies, to develop new 
protein detection and screening technology based on antibody microarrays 
.Company's human protein libraries and CAT'S human antibody libraries 
will be analysed, paired proteins and antibodies selected and 
microarrays developed based on Company's current protein microarray 
prototype format. Goal is to create new generation of protein detection 
technology with speed, throughput and sensitivity to serve development of 
research tools, diagnostics and novel therapeutics. Each party will fund 
its own research contribution. 



Section Heading (s) : Activities 



3/4/77 (Item 2 from file: 501) 

DIALOG (R) File 501: Extel Intl News Cards 

(c) 2001 Extel Financial Inc. All rts. reserv. 

00658865 

Publication Date: September 19, 2000 

Oxford GlycoSciences PLC 

Country: UNITED KINGDOM (GBR) 

ACTIVITIES 

Oxford GlycoSciences PLC 
Activities 

Company and Packard Bioscience Company announced collaboration to apply 
respective technologies to develop protein biochips ("microarrays "). 

Section Heading (s) : Activities 



_ 3/4/78 (Item 3 from file: 501) 

DIALOG (R) File 501:Extel Intl News Cards 

(c) 2001 Extel Financial Inc. All rts. reserv. 

00638481 

Publication Date: September 12, 2000 

Cambridge Antibody Technology Group PLC 

Country: UNITED KINGDOM (GBR) 



ACTIVITIES 

Cambridge Antibody Technology Group PLC 
Activities 

Company announced strategic research collaboration with Oxford 



GlycoSciences PLC. 

Research collaboration hn ^ ! 

detection of p rotein8 ° n ^ SS*"- Chip " *>r 

Company and OGS will combine thliZ Y »icroarrays . 

' " reSp6Ctlve ^Id-leading technologies,' 

develop new protein detect-* «n j 

microarrays . OGS's human prSte'in "ubrar?!^ 6 ^ 010 ^ based on antibody 
libraries will be analysed, paS orcein, -h* ^W's human antibody 
microarrays developed based on or^f! 3nd anti bodies selected and 

prototype format. Goal is To creatf newT^ P -° tein ^"oarray 
technology, with speed, throuS a^V ene f atlon °« Protein detection 
research tools, diagnostics ? novef tSal t0 SSrVe development of 

its own research contribution. therapeutics. Each party will fund 

Section Heading (s).- Activities 

3/4/79 (item 1 from file- si9> 
DIALOG (R)Filp qio nm ^ llie - 519 > 

1997308 

for S„_„ y FtaKUll , ^ pormat i( _ prfce _ M3 M 

SF- Daybook | Service. All rts. reserv. | 

TI- GENERAL NEWS EVENTS - PART 2 

MONDAY, NOVEMBER 15 1999 1 
SH- Final Daily Schedule! v 

dI'^P dateline general news, 
WD- 000806 I 
LI- 00073 I 

LB- FEDERAL NEWS SERVICE I 

TX- dest + dbgen,dbcon,dbscitech,dbdefense 

^giL 0 S p L KS^"?™* (NAS) commission 

SCIENCE AND TECHNOLOGY SYSTEMS DIVISION ON MILITARY 

SwiS^SSS t'tt^.^ commission on 
Science and TechnoW holdH »T Si ° R 0n "^tary : 
Technologies to Resale Stf d WOrksh °P on "Alternative 
(November IS-u) Ant 1- Personnel Landmines." 

Highlights: 

-- 9 am - Closed Session 

^i™^" T SoS"^Si.2^r , i Committee on 

Landmines, Welcoming Remarks Anti -Personnel . 

-- 1:45 pm - "Staffing for Study" 
- i:50 pm - "Administrative Procedures" 
-- 2 pm - "background for Study" 
3 pm - "Review Statement of Task" 
. Overview"" 1 " " Strate 9 ic and Tactical Landmine Usage 
-- S pm - Committee Organization/Chairman's Time 

HS"S. S ^rS?«: t jT 1 H ° tel ' and Washington 

• --. November 15, 1999 



CONTACT: Christina Maiers, 202-334-2644 or http://www.nas.edu 



dest + dbgen, dbcon, dbhlth, dbmedi 

EVENT: CONFERENCE - CAMBRIDGE HEALTHTECH INSTITUTE (CHI) 

SUBJECT : Cambridge Healthtech Institute (CHI) holds a conference on 

"Protein Structure." (November 15-16) 

Highlights: 

8:30 am -.Dr. Min S. Parker, technical staff member, 
Los Alamos National Laboratory, Opening Remarks 
-- 8:40 am - Dr. Wayne A. Hendrickson, biochemistry 
professor, Howard Hughes Medical Institute (HHMI) Research 
Laboratories, and biochemistry and molecular biophysics 
department, Columbia University, Keynote Address: 
"Structure Methods Becoming Structural Genomics" 
-- 9:15 am - "Structural Proteomics : A method of Target 
Validation and Invalidation" - 
-- 10:15 am - "Structural genomics and Automated Structure 
Selection" 

-- 10:45 am - "The Role of NMR in Structural Genomics" 
11:15 am - Panel Discussions 

1:30 pm - Dr. John Moult, computational biology 
professor, Center for Advanced Research in Biotechnology, 
University of Maryland Biotechnology Institute 

1:35 pm - "Computational Approaches to Structural 
Genomics" 

-- 2:05 pm - "Large-Scale Comparative Protein Modeling" 
-- 2:35 pm - "Comparative Protein Structure Modeling in 
Genomics" 

3:45 pm - "Proteome Databases for Applications of Model 
Organism Knowledge to Nonmodel Organisms" 
-- 4:15 pm - "Structure-Based Assignment of Molecular 
Functions of Hypothetical Proteins" 

-- 4:45 pm - "Deriving Function From Protein Structure 
Modeling" 

5:15 pm - Panel Discussion 

LOCATION: Capital Hilton Hotel, 16th and K Streets NW, Washington, 
-- November. 15, 1999 

CONTACT: Jennifer Laakso, 617-630-1385 or - 
http : //www. healthtech . com/conf erence/pst/pst . htm 



dest+ dbgen, dbcon, dbhlth, dbmedi, dbscitech 

EVENT: CONFERENCE - CAMBRIDGE HEALTHTECH INSTITUTE (CHI) 

SUBJECT: Cambridge Healthtech Institute (CHI) holds a conference on 
"Chemokine and Chemokine Receptors: Disease Targets for 
Therapeutic Development." (November 15-16) 
Highlights: 

-- 9 am - Dr. Thomas J. Schall, president and CEO, 
Chemocentryx Inc., Opening Comments 

--9:10 am - "Chemokines at the dawn of the 21st Century: 
Aliens and Archetypes" 

9:50 am - "The ELR-CXC- Chemokine Platelet Basic Protein 
(PBP) Potently Desensitizes Chemokine- Induced Neutrophil 
Activation" 

10:45 am - "Changes in Chemokine Receptor Expression 
Patterns During T Cell Development" 
-- 11:15 am - "CCR4 Knockout Mouse Models of Lung 
Inflammation" 

11:45 pm - Panel Discussion 
-- 1:40 pm - Dr. Joseph Hesselgesser , research scientist, 



t^B^al^S" ° f LSUk0Cyte T " ff - k ing Across 
Sclerosis'" " " Chem ° kines ™« ^heir Receptors in Multiple 

Pat?e:L^ g u;a C ^ n Lcho d q e C n h e e S in r E *^ Ssi - 
Encephalomylliti;- Patho 9enesis of Autoimmune 

io/CRG! 2 " m " " Inhibition ° f Angiogenesis i„ duced by „. 

RejecticS" " " Chem ° kines and ^heir Receptors in Allograft 
-- 4:45 pm - Panel Discussion 

HcLeaTvA Rit2 Carlt ° n ^ ^ Hotel. 1700 Tysons Boulevard, 
November 15, 1999 

' IttT?/ J T ifBr LaakSO > "'-630-1385 or 

http : //www. healthtech . com/conf erence/kmo/kmo . htm 

dest+ dbgen,dbcon,dbdepten,dbscitech 

GsnL™ • " Fun «»" 1 »"ly«i. ot the Vibrio choi.r.e 
Mcroarr'y^ " PrInt '" 9 T " h ™^«= <» *n«ic 
iLlUl." ' " Mvancea in ««»«ray seeing and 

Pr^I^ r m " " USin9 Genomic s Databases to Understand 
Protein Expression Profiles of M . Tuberculosis" 
5 pm - Poster Session 

LOC ;Se:ti;x Hotei ' 300 *»* VA 

CONTACT: Kim Smith, 423-576-4860 or 
10- d h a y Eoo^en: d i? r ^ n p/P^«-/-robes/agenda 2 .html | 

conferences, symcos iumJ f ori S T '' i , ^ NeWS Events < Conventions, 
News Events, Svencions c^S ' M6dlClne (tec hnology) , General 
Medicine (technology Science a n rte;hnor P ° SiUmS ' f ° rUms < Health < 
Conventions, conferences ™c tsc * nol °SY > General News Events, 
Science and technology! Sym P 0Slums ' f ™, Dept. of Energy, DOE, 

•'logoff hold 

-•■'-'acre: li:2 r .-.2z "serC:sCc€ Session DS423.4 



3/4/14 (Item 13 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) | 
CZ- (c) 2001 BIOSIS. All rts. reserv. | 
AZ- 12522220| 
AA- 200000275722 | 

TI- Chemical microarray system to phenotype the protein kinase 
enzymatic profile of cell lines and tissues. | 

AU- Lam Kit S(a); Falsey James; Manat Renil; Park Steven| 
CS- (a) Arizona Cancer Ctr, Tucson, AZ USA| 

JN- Proceedings of the American Association for Cancer Research Annual 

Meeting | 
IS- 41 | 
PG- 850 | 
DA- March, | 
PY- 2000 | 
ME- print . | 

CT- 91st Annual Meeting of the American Association for Cancer Research. | 

LO- San Francisco, California, USA| 

DA- April 01-05, 2000 | 

SN- 0157-016X| 

RT- Citation] 

LA- English) 

SL- English] 

RN- 9026-43-1: PROTEIN KINASE | 
DE- <MAJOR C0NCEPT> Tumor Biology | 
DE- <BIOSYSTEMATIC> Animalia| 

DE- <ORGANISMS> animal (Animalia) - -animal model] 
DE- <SUPER TAXA> Animals | 

DE- <DISEASES> cancer- - in-vitro cell study, neoplastic disease, tissue 
sample study | 

DE- <CHEMICALS> protein- kinase- -enzymatic profile phenotype, tumor cell 

activity, tumor tissue activity] 
DE- <METH0DS> chemical microarray system- -analytical method, genetic method 

I 

DE- <MISC> Meeting Abstract] 

DE- <ALT . INDEX > Neoplasms (MeSH) | 

CC- 10802 Enzymes -General and Comparative Studies; Coenzymes 

24004 Neoplasms and Neoplastic Agents -Pathology ; Clinical Aspects; 
Systemic Effects 

00520 General Biology- Sympos ia , Transactions and Proceedings of 
Conferences, Congresses, Review Annuals] 
BC- 33000 Animalia-Unspecif ied| 



3/4/22 (Item 21 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) I 
CZ- (c) 2001 BIOSIS. All rts. reserv I 
AZ- 12122478 | ' 1 

AA- 199900417327] 

XI- Novel chemistry for parallel synthesis of microarrays of 

AU- SrSSSSf T\> PePtid6S USing P hot ogenerated ZldZ | 

(a); LeProust Eric M(a); Pellois Jean PhiliDDe(a)- Yu 
Peilm(a); Zhang Hua(a); Wang Wei; Zhou Xiaochuanl ?P ' 

Ho a us^ ° f Houston, 4800 Calhoun Rd, 

JN- ^tracts of Papers American Chemical Society] 

IS- 1-2 I 
PG- MED I 3 | 
PY- 1999] 

£: i-SrSSrioKflS. 0 ^ American chemical Society - Parts 1 and 2 i 

DA- August 22-26, 1999 | 

SP- American Chemical Society; I 

SN- 0065-7727| 

RT- Citation | 

LA- English | 

DE- <major CONCEPT> chemistry; Methods and Techniques! 

:S^^ e °Jj9 onucleo ^des-microarra y s, synthesis; photogenerated 

DE " USEE Sal 1 ^hesis-Synthesis/Modification Techniques, . 
DE- <MISC> Meeting Abstract] 
CC- 10060 Biochemical Studies-General 
10050 Biochemical Methods -General 

SLn!! 11 "! 1 Biology-Symposia, Transactions and Proceedings of 
Conferences, Congresses, Review Annuals | 

3/4/23 (item 22 from file: 5) 

FN- DIALOG (R) File 5:Biosis Previews (R) I 
CZ- (c) 2001 BIOSIS. All rts. reserv I 
AZ- 11994187] • ' ' 

AA- 199900274706 | 

5" il r Hnn n a ^^roarrays for. gene expression and antibody screening.] 

hS ^^I H ° r ? Martin(a >' Eic ^ff Holger(a); Buessow tonrad 
(a); Lehrach Hans(a); Walter Gerald(a) | 

CS " ntio C P1 n n ^ InStitUte , for Molecular Genetics, Ihnestrasse 73, 
D-14195, Berlin Germany] 

JN- Analytical Biochemistry I 

VO- 270] 

IS- i| 

PG- 103-111) 
DA- May 15, | 
PY- 1999] 
SN- 0003-2697] 
DT- Article | 
RT- Abstract] 
LA- English] 
SL- English] 

AB " h^ lnS ^ ranslate genomic sequence information into function, enabling 
I" 1 pr °nf Ta SSeS * AS a complementary approach to gene expression 
profiling on cDNA microarrays, we have developed a technique for 
high- throughput gene expression and antibody screening on chip-size 
?ra !fL^L°n rrayS ; Peking/spotting robot equipped with a new 

transfer stamp, protein solutions were gridded onto polyvinylidene 

detect In ^ Sp6CifiC PUrifie " P ^ was 

detected on the filters with high sensitivity (250 amol or 10 pg of a 

cSa cW, in ; Y ° n 5 "f 1 Croarra y made from bacterial lysates of 92 human 

clones expressed in a microtiter plate, putative protein 
expressors could be reliably identified. The rate of false-positive 
eXprS ! Slng P rotelns in. incorrect reading frames, was low. 
— »?=c..icitv of selected clones was confirmed on identical 



microarrays using monoclonal antibodies. Cross-reactivities of some 
antibodies with unrelated proteins imply the use of protein microarrays 
for antibody specificity screening against whole libraries of proteins. 
Because this application would not be restricted to antigen-antibody 
systems, protein microarrays should provide a general resource for 
high- throughput screens of gene expression and receptor- ligand 
interactions . | 

DE- <MAJOR CONCEPT> Methods and Techniques; Molecular Genetics 

(Biochemistry and Molecular Biophysics) | 
DE- <BIOSYSTEMATIC> Hominidae - -Primates , Mammalia, Vertebrata, Chordata, 

Animalia] 
DE- <ORGANISMS> human (Hominidae) | 

DE- <SUPER. TAXA> Animals; Chordates; Humans; Mammals; Primates; Vertebrates 

DE- <CHEMICALS> antibodies - -screening ; antigen-antibody systems; cDNA { 

complementary DNA} - -cloning; ligands; protein microarrays - -analysis , 

applications ; proteins - -analysis | 
DE- <METHODS> antibody detection- -Detection/Labeling Techniques, analytical 

method; antibody screening- -Analysis/Characterization Techniques- -CB, 

analytical met-hod; image analysis- -imaging method, imaging techniques; 
protein purification- - Isolation/Purification Techniques- -CB, 

purification method | 
DE- <MISC> biological processes; gene expression- -analysis ; 

receptor-ligand interactions - -analysis ; robotics] 
CC- 10054 Biochemical Methods - Proteins , Peptides and Amino Acids 

03502 Genetics and Cytogenetics -General 

10050 Biochemical Methods -General 

10064 Biochemical Studies -Proteins , Peptides and Amino Acids 
10506 Biophysics-Molecular Properties and Macromolecules 
34502 Immunology and Immunochemistry-General ; Methods 
13002 Metabolism-General Metabolism; Metabolic Pathways 
. 10300 Replication, Transcription, Translation 
10060 Biochemical Studies -General 

10052 Biochemical Methods -Nucleic Acids, Purines and Pyrimidines | 
BC- 86215 Hominidael 



08276786 Supplier Number: 69846280 (THIS IS THE FULLTEXT) 
"echnolo^ 8 ^ Fir8t Conference Dedicated to Protein Microarray 
PR Newswire, p4379 
Feb 2, 2001 
TEXT: 

WESTBOROUGH, Mass., Feb. 2 /PRNewswire/ -- 
Discovery C to S Maanosti^ ^T^ Microarra y Technology: From Proteomics 

■2 B ^ t Si^2T2iii^E t ^r^^ tttlaM - The event win 

Microarray technology allows the simultaneous analysis of thousand, 
of molecular parameters with a single experiment. Today methods anS 
techniques of the DNA chip field are being effectively transferred ?o 
protein array technology. This event allows attendees to learn abou? where 
this new, exciting field is at right now, where it is moving and how 
proteomics, drug discovery, and diagnostics are being revolu ionized by 
protein microtechnology . This event aims to accelerate discussion of th. 

Conference highlights include: 

microtech^ogy addr6SS * ' ' * fOUndin * ^ ° f - 

♦Data from Beta Tests, as well as Commercial Applications 

*How to make and use protein/peptide arrays 

♦Direct application of technology in diagnostics 

♦Proteomics discovery research and assay development 

♦Latest technologies in the protein array field 

♦First-time presentations of case study data/results 

♦Bridging the gap between genomics and proteomics 

For more details on this, visit our website: 
http : / /www . ibcusa . com/2623 . 

CONTACT : 

Abby Votto 

IBC USA Conferences 

One Research Drive 

P.O. Box 5195 

Suite 400A 

Westborough, MA 01581-5195 

avotto@ibcusa.com 
COPYRIGHT 2001 PR Newswire Association, Inc 
COPYRIGHT 2001 Gale Group 
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3/5/35 (Item 6 from file: 34) 

DIALOG(R) File 34 : SciSearch (R) Cited Ref Sci 
(c) 2001 Inst for Sci Info. All rts. reserv. 

08990817 Genuine Article#: 353PF Number of References: 3 
Title: Protein microarrays hit the spot 
Author (s) : Borman S 

Journal: CHEMICAL & ENGINEERING NEWS , 2 000, V7 8, N37 (SEP 11)., P6-7 
ISSN: 0009-2347 Publication date: 20000911 

Publisher: AMER CHEMICAL SOC, 1155 16TH ST, NW, WASHINGTON, DC 20036 
Language: English Document Type: NEWS ITEM 
Journal Subject Category: ENGINEERING, CHEMICAL 
Cited References: 

MACBEATH G, 1999, V121, P7 967, J AM CHEM SOC 

MACBEATH G, 2000, V122, P7849, J AM CHEM SOC 

SCHREIBER SL, 2000, V289, P1760, SCIENCE 
?t 3/5/38 

3/5/38 (Item 9 from file: 34) 

DIALOG(R) File 34 : SciSearch (R) Cited Ref Sci 
(c) 2001 Inst for Sci Info. All rts. reserv. 

07495706 Genuine Article#: 173NX Number of References: 34 
Title: Create a protein microarray using a hydrogel "stamper 1 1 

Author (s) : Gaber BP (REPRINT) ; Martin BD; Turner DC 

Corporate Source: USN,RES LAB, LAB MOL INTERFACIAL 

INTERACT/ WASHINGTON/ /DC/ 2 03 7 5 (REPRINT); GEORGE MASON UNIV,CTR COMP SCI 
& INFORMAT/FAIRFAX//VA/22030; USN,RES LAB, CTR BIOMOL SCI & 
ENGN/WASHINGTON//DC/2 03 75 

Journal: CHEMTECH, 1999, V29, N3 (MAR), P20-24 

ISSN: 0009-2703 Publication date: 19990300 

Publisher: AMER CHEMICAL SOC, 1155 16TH ST, NW, WASHINGTON, DC 20036 
Language: English Document Type: ARTICLE 
Geographic Location: USA 

Subfile: CC PHYS- -Current Contents, Physical, Chemical & Earth Sciences; CC 

ENGI - -Current Contents, Engineering, Computing & Technology; 
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Microarrays of peptide affinity probes for analyzing patterns of protein 
synthesis and their synthesis and methods for analyzing gene products 

INVENTOR (AUTHOR) : Rossi, Francis M. ; Montgomery, Donald D 
LOCATION : USA 

ASSIGNEE: Combimatrix Corporation 

PATENT : PCT International ; WO 200053625 A2 DATE: 20000914 
• APPLICATION: WO 2000US6676 (20000310) *US PV123877 (19990311) *US 
PV123791 (19990311) 

PAGES: 52 pp. CODEN: PIXXD2 LANGUAGE : English CLASS: CO7K-001/00A 
^ DESIGNATED COUNTRIES : AL; AM; AT; AU; AZ; BA; BB; BG; BR; BY; CA; CH; CN; 
--:.Cl; CZ; DE ; DK; DM; DZ ; EE; IS; FI; GB ; CD; GE; GH ; GM ; HP.; HU; ID; IL; ' 



IN; IS; JP; KE ; KG; KP; KR; K2; LC; LK; LR; LS ; LT; LU; LV; MA; MD; MG; MK; 

MN; MW; MX; NO; NZ ; PL; PT; RO; RU; SD; SE; SG; SI; SK; SL; TJ; TM; TR; TT; 

T2; UA; UG; US; UZ ; VN; YU; ZW; AM; AZ ; BY; KG; KZ; MD; RU; TJ; TM 

DESIGNATED REGIONAL: GH; GM; KE; LS; MW; SD; SL; SZ; TZ ; UG; ZW; AT; BE; 

CH; CY; DE; DK; ES ; FI ; FR; GB; GR; IE; IT; LU; MC; NL; PT; SE; BF; BJ; CF; 

CG; CI; CM; GA; GN; GW; ML; MR; NE; SN; TD; TG 
SECTION: 

CA209002 Biochemical Methods 

CA203XXX Biochemical Genetics 

CA234XXX Amino Acids, Peptides, and Proteins 

IDENTIFIERS: peptide affinity probe proteome analysis bioelectrode 
DESCRIPTORS: 

Fluorescent dyes...' 

as reporter groups; microarrays of peptide affinity probes for 
analyzing patterns of protein synthesis and their synthesis and methods 
for analyzing gene products 

Membrane electrodes. . . 

bioelectrodes , peptide arrays immobilized om; microarrays of peptide 
affinity probes for analyzing patterns of protein synthesis and their 
synthesis and methods for analyzing gene products 

Protective groups... 

Fmoc, in synthesis of peptides on membrane electrodes; microarrays of 
peptide affinity probes for analyzing patterns of protein synthesis and 
their synthesis and methods for analyzing gene products 

Electrochemistry. 

for anal, of patterns of protein synthesis; microarrays of peptide 
affinity probes for analyzing patterns of protein synthesis and their 
synthesis and methods for analyzing gene products 

Semiconductor devices... 

for synthesis of peptide probe arrays; microarrays of peptide affinity 
probes for analyzing patterns of protein synthesis and their synthesis 
and methods for analyzing gene products 
Antibodies ... 

in anal, of patterns of gene expression and of gene product ligand 

binding domain; microarrays of peptide affinity probes for analyzing 

patterns of protein synthesis and their synthesis and methods fo 
Peptide library... 

ordered arrays; microarrays of peptide affinity probes for analyzing 

patterns of protein synthesis and their synthesis and methods for 

analyzing gene products 
CAS REGISTRY NUMBERS: 
76197-35-8 92557-80-7 as reporter group; microarrays of peptide affinity 

probes for analyzing patterns of protein synthesis and their synthesis 

and methods for analyzing gene products 
68-19-9 1941-24-8 in prepn. of peptide arrays; microarrays of peptide 

affinity probes for analyzing patterns of protein synthesis and their 

synthesis and methods for analyzing gene products 
58822-25-6P synthesis on membrane electrode of; microarrays of peptide 

affinity probes for analyzing patterns of protein synthesis and their 

synthesis and methods for analyzing gene products 

3/5/74 (Item 1 from file: 420) 

DIALOG (R) File 420:UnCover 

(c) 2001 The UnCover Company. All rts . reserv. 

14072324 UnCover No. : 251130199197 
New Protein Microarrays. 

Chemical and engineering news. September 11, 2000, v. 78 n. 37, p. 6 
. ISSN: 0009-2347 JOURNAL CODE: 23182036 

Devices could ease screening of cellular proteins en masse. 

3/5/75 (Item 1 from file: 431) 

DIALOG (R) File 431 :MediConf : Medical Con. & Events 
(c) 2001 Dr. R. Steck. All rts. reserv. 

00C35975 REFERENCE NUMBER : 18943901 

EVENT TITLE: Protein Kicroarray Technology 



EVENT TYPE: Seminar 

™! ™" «■> Diego, California 

EVENT C0 TOi »„i S / US * rth tetlcl/Bord „ 

COUNTRY CODE: CI 90 6 

ORGANIZER: IBC USA Conferences, Inc. 

James Prudhomme, Life Sciences ' 

1 Research Drive, Suite 400A 

Wes thorough, MA 01581-5195, USA 
PH0NE: ' +1 (508) 616-5550 

FAX: +1 (508) 616-5522 

E-MAIL: jprudhomme@ibcusa.com 
URL: http://www.ibcusa.com 

DESCRIPTORS : pharmaceutical industry, pharmaceutical research, 

biotechnology, protein arrays, peptide arrays, rapid 
screening, rapid detection applications, high throughput 
screening, HTS * 

MEDICAL SPEC: P8030 - Pharmacy and Pharmacology/Pharmazie und 
Pharmakologie/Pharmacie et Pharmacologic 
P85121 -- Biochemistry and Biotechnology/Biochemie und 
INPUT DATE : February Tl I et Bi°technologie 

3/5/76 (Item 1 from file: 501) 

DIALOG (R) File 501:Extel Intl News Cards 

(c) 2001 Extel Financial Inc. All rts. reserv. 

00658866 

Publication Date: September 12, 2000 

Oxford GlycoSciences PLC 

Country: UNITED KINGDOM (GBR) 

EXTEL Company Number: 00038571 

SEDOL Number: 0264732 

Topic Code: OGS 

ISIN Number: GB0002647328 

~ - . „, ACTIVITIES 

Oxford GlycoSciences PLC 
Activities 

to m Sl^ d " Ca ^ r . d9e ^ tibod y Technology ("CAT") announced collaboration 
to develop "protein chip" technology. 

Technology is for detection of proteins using antibody based microarrays 

lZlTii eS Zii\ C °^ ine , thSir res P ective technologies, to develop new 

r™nL f f screenin 9 technology based on antibody microarrays 

•Company's human protein libraries and CAT'S human antibody libraries 
will be analysed, paired proteins and antibodies selected and 
*™^ rray ? devel °P ed ba "d on Company's current protein microarray 
prototype format. Goal is to create new generation of prote in detection 
S ^^ou ghp ut and sensitivity to serve uevelopment o? 

"; e S\^e1r;h d coSribu"on nd ^ ^ ^ «** 

Section Heading(s): Activities 



3/5/77 (item 2 from file: 501) 

DIALOG (R) File .501: Extel Intl News Cards 

(c) 2001 Extel Financial Inc. All rts. reserv. 



Oxford GlycoSciences PLC 

Country: UNITED KINGDOM (GBR) 



EXTEL Company Number: 00038571 

SEDOL Number: 0264732 

Topic Code: OGS 

ISIN Number: GB0002647328 

ACTIVITIES 

Oxford GlycoSciences PLC 
Activities 

Company and Packard Bioscience Company announced collaboration to apply 
respective technologies to develop protein biochips ("microarrays " ). 

Section Heading (s): Activities 



3/5/78 (Item 3 from file: 501) 

DIALOG (R) File 501:Extel Intl News Cards 

(c) 2001 Extel Financial Inc. All rts . reserv. 

00638481 

Publication Date: September 12, 2000 

Cambridge Antibody Technology Group PLC 

Country: UNITED KINGDOM (GBR) 

EXTEL Company Number: 00037865 

SEDOL Number: 0166225 

Topic Code: CAT 

ISIN Number: GB0001662252 

ACTIVITIES 

Cambridge Antibody Technology Group PLC 
Activities 

Company announced strategic research collaboration with Oxford 
GlycoSciences PLC . 

Research collaboration is to develop "Protein Chip" technology for 

detection of proteins using antibody based microarrays . 

Company and OGS will combine their respective world- leading technologies, 

to 

develop new protein detection and screening technology based on antibody 

microarrays . OGS ' s human protein libraries and Company 1 s human antibody 
libraries will be analysed, paired proteins and antibodies selected and 
microarrays developed based on OGS 1 s current protein microarray 
prototype format. Goal is to create new generation of protein detection 
technology, with speed, throughput and sensitivity to serve development of 
research tools, diagnostics and novel therapeutics. Each party will fund 
its own research contribution. 

Section Heading (s) : Activities 



3/5/79 (Item 1 from file: 519) 

DIALOG (R) File 519 :D&B-Duns Finan. Records Plus (TM) 
(c) 2001 Dun & Bradstreet. All rts. reserv. 

1997308 

For Full Record, choose Format 15 - Price = $118.70 

Enter REPORT Sn/BIR, REPORT Sn/SER or REPORT Sn/PAR to receive 
special reports directly from D&B (see HELP BIR, HELP RATES 516) 



3/5/80 (Item 1 from file: 660) 

DIALOG (R) File 660: Federal News Service 

(c) 2001 Federal News Service. "All res. reserv. 



00246892 SUBFILE: Daybook 

GENERAL NEWS EVENTS - PA r X 2 

MONDAY, NOVEMBER 15, 1990 
SECTION HEADING : Final nl< 1 „ 
DATELINE: Washington datel L Schedule 
SCHEDULE DATE: 99i U5 YEAR 

APPROXIMATE WORD COUNT- oooflne » 

FEDERAL NEWS SERVICE ' APPROXIMATE LINE COUNT: 00073 

sc^ss <-». — ^ on 

SSSXIfSS.'d -Sin" 5.SS23. 

(November 15-16) totl " Personnel Landmines." ' 

Highlights: 

-- 1-30 " G1 ° Sed Sessi °n 

Alternative \ec^oLg?ei 1 tr^ 1 ' a Ch \ irman ' Co ™ittee on 
Landmines, Welcoming 9 Remarks P ^^sonnel 

- 1:45 pm - -staffing for Study" 

- 2 cm ^ "? dminist «tive Procedures" 
2 pm - "background for Study" 

_-- 3 Pm - "Review Statement of Task- 
Overview"" 1 " " Strate 9 ic and Tactical Landmine Usage 

- 5 pm - committee Organization/chairman's Time 

SS^.^SSJ'iT 1 H ° tel ' ^ -d Washington 

November 15, 1999 

CONTACT: Christina Maiers, 202-334 , 

--■ -- .I J°^334-2644 or http://www.nas.edu 

dest + dbgen,dbcon,dbhlth,dbmedi 

EVENT^CONFERENCE - CAMBRIDGE HEALTHTECH INSTITUTE (CHX, 

SSt.^^- ! * ? ^' (CHI> h ° ldS 3 C ° nferenCe ° n 

8:30 am - Dr. Min S Parir 
Los Alamos National Laboratory"' oW^o Staff member < 
-- 8:40 am - Dr fe™. » 7T. 0peilin 9 Remarks 
Professor, Howard S^Me^a^^ bioch ^ry 
Laboratories, and b2SLJ2« anff ^ <HHMI) Researc * 
department, Columbia UniversfL J mol ^ cular biophysics 
"Structure Methods Lr«mT I Y -' ^Y 110 ^ Address: 
- 9:15 am - "sSucKral pLf trUCtUral Gen0mics " 

I^lXJiS ° miCS: A m6th0d of Ta ^t 
Selection"" 1 " " Structural genomics and Automated Structure 

n°:'l5 a" I Pa T n h e e i R Dl s e cu ° s f s ^ s in Struct - al Comics" 

professor™ Center ^ Ult ' ^tational biology 
-yersity o f „^L°n,^ 



snip—at iona] Approaches :c Strucrura^ 



Genomics" 

2:05 pm - "Large-Scale Comparative Protein Modeling" 
-- 2:35 pm - "Comparative Protein Structure Modeling in 
Genomics" 

-- 3:45 pm - "Proteome Databases for Applications of Model 
Organism Knowledge to Nonmodel Organisms" 

4:15 pm - "Structure-Based Assignment of Molecular 
Functions of Hypothetical Proteins" 

-- 4:45 pm - "Deriving Function From Protein Structure 
Modeling " 

- 5:15 pm - Panel Discussion 

LOCATION : Capital Hilton Hotel, 16th and K Streets NW, Washington,. 
DC 

November 15, 1999 

CONTACT: Jennifer Laakso, 617-630-1385 or 

http : //www. healthtech . com/conf erence/pst/pst . htm 



dest + dbgen, dbcon, dbhlth, dbmedi , dbscitech 

EVENT: CONFERENCE - CAMBRIDGE HEALTHTECH INSTITUTE (CHI) 

SUBJECT: Cambridge Healthtech Institute (CHI) holds a conference on 
"Chemokine and Chemokine Receptors: Disease . Targets for 
Therapeutic Development." (November 15-16) 
Highlights: 

-- 9 am - Dr. Thomas J. Schall, president and CEO, 
Chemocentryx Inc., Opening Comments 

-- 9:10 am - "Chemokines at the dawn of the 21st Century: 
Aliens and Archetypes" 

-- 9:50 am - "The ELR-CXC- Chemokine Platelet Basic Protein 
(PBP) Potently Desensitizes Chemokine- Induced Neutrophil 
Activation" 

--10:45 am - "Changes in Chemokine Receptor Expression 
Patterns During T Cell Development" 

11:15 am - "CCR4 Knockout Mouse Models of Lung 
Inflammation" 

11:45 pm - Panel Discussion 

1:40 pm - Dr. Joseph Hesselgesser , research scientist, 
Immunology, Berlex Biosciences 

-- 1:45 pm - "Mechanisms of Leukocyte Trafficking ^Across 
the Blood Brain Barrier" 

-- 2:15 pm - "Chemokines and Their Receptors in Multiple 
Sclerosis" 

2:45 pm - "Chemokine and Chemokine Receptor Expression 
Patterns Regulate the Pathogenesis of Autoimmune 
Encephalomyelitis " 

-- 3:45 pm - "Inhibition of Angiogenesis Induced by IP- 
10/CRG-2" 

4:15 pm - "Chemokines and Their Receptors in Allograft 
Rejection" 

-- 4:45 pm - Panel Discussion 

LOCATION: Ritz Carlton Tysons Corner Hotel, 1700 Tysons Boulevard, 

McLean, VA 

-- November 15, 1999 

CONTACT: Jennifer Laakso, 617-630-1385 or 

http : //www . healthtech . com/conf erence/kmo/kmo . htm 



dest+ dbgen, dbcon, dbdepten, dbscitech 

EVENT: CONFERENCE - ENERGY DEPARTMENT OAK RIDGE NATIONAL 
LABORATORY (ORNL) ENVIRONMENTAL SCIENCES DIVISION 

SUBJECT : Energy department: Oak Ridge National Laboratory -(ORNL) 



Environmental Sciences Division holds its "Seventh Annual 
Conference on Small Genomes." (November 14-17) 
Highlights: 

Genome" " " FunCti ° nal of the Vibrio Cholerae 

"i^' 45 am : " Printin 9 Technologies for Genomic 
Microarrays" 

AnalyJis" m " " AdVanCeS in "icroarray Scanning and 

and Their 

for^ne ^pressKn^K' ^ " ™*™*ott*» 

am ^" " Whole - Ge nome RNA and Protein Regulatory 
Networks in E. Coli and S. Cerevisiae" "cory 
-- 1 pm - "Gene Transfer Systems for Extremophiles" 
-- 1:30 pm - "Esential and Dispensable Genes in 
Mycoplasms" 

Prof-1 0 PI " ; 7 apid Identifi "tion and Precise Expression 
Profiling of Proteomes by Mass Spectrometry" 

jlnllll^ m ' " E £ Pl ° rati0n ° f Genome Usage in Methanococcus - 
of View" 3 Coccus Furiosus From the Protein Point- 

-- 4:15 pm - "Using Genomics Databases to Understand 
Protein Expression Profiles of M. Tuberculosis" 
-- 5 pm - Poster Session 

^SSS.?SJ e fs; Hote1 ' 300 Army Navy Drive - Arii ^ton. VA 

CONTACT: Kim Smith, 423-576-4860 or 

http : //www . esd . ornal . gov/programs/microbes/agenda2 . html 
KEYWORDS: daybook; gen; II; mon 
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### Status: Initializing TCP/IP using (UseTelnetProto 1 ServicelD 
Trying 3106 . . .Open 

DIALOG INFORMATION SERVICES 
PLEASE LOGON: 

******** HHHHHHHH SSSSSSSS? 
### Status: Signing onto Dialog 
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ENTER PASSWORD: 

******** HHHHHHHH SSSSSSSS? ******** 
Welcome to DIALOG 
### Status: Connected 



Dialog level 00.12.12D 

Last logoff: 18apr01 13:03:21 
Logon fileOOl 18apr01 15:28:33 
NOTICE set ON to $20.00 

.You will be prompted to confirm each TYPE or PRINT request where 
format charges exceeds $20.00 
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Is 2087-010140-LAUNCHCYTE-BEJ the SUBACCOUNT you want to use? (Y/N) 

Subaccount is set to 2087 -010140 - LAUNCHCYTE - BE J 
& * * F234 unavailable * * * 

File 1:ERIC 1966-2001/Apr 17 

<c) format only 2001 The Dialog Corporation 

Set Items Description 



Terminal set to DLINK 
?b 349 

18apr01 15:33:23 User026066 Session D6404.1 
Sub account: 2087- 010140 -LAUNCHCYTE -BE J 
$0.20 0.057 DialUnits Filel 

$0.20 Estimated cost Filel 

$1.00 TELNET 

$1.20 Estimated cost this search 

$1.20 Estimated total session cost 0.057 DialUnits 

File 349:PCT Fulltext . 1983 - 2 001/UB=2 00 104 12 , UT=20010329 
(c) 2001 WIPO/MicroPat 



Set Items Description 



?e pa 


=zyomyx 




Ref 


Items 


Index-term 


El 


1 


PA=ZY0 


E2 


1 


PA=ZYO YASUSHI 


E3 


3 *PA=ZYOMYX 


E4 


3 


PA=ZY0MYX INC 


E5 . 


1 


PA=ZYPMAN 


E6 


1 


PA=ZYPMAN FREDY R 


E7 


1 


PA=ZYQAD 


E8 


1 


PA=ZYQAD LIMITED 


E9 


3 


PA=ZYRA 


E10 


3 


PA=ZYRA STAN 


Ell 


1 


PA=ZYRYANOV 


E12 


1 


PA=ZYRYANOV VIKTOR YAKOVLEVICH 



Z-zer ? or PAGE for more 



?s e3-e4 

3 PA=ZYOMYX 

3 PA=ZYOMYX INC 

SI 3 E3-E4 

?t 1/5/1 
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DIALOG (R) File 349:PCT Fulltext 

(c) 2001 WlPO/MicroPat. All rts. reserv. 



US 

US 



00691492 

MICRODEVICES FOR SCREENING BIOMOLECULES 

S^SS^'^f™^ A ° RIBLER DES BIOMOLECULES 

Patent Applicant/Assignee: 

InvenSr, s ? NC ' ZY ° MYX ' ^ 3912 TrUSt H ^ard, CA 94545, 

AULT-RICH^Dana^A^T-RICHE' Dana lii?. 0 "" "< <* "002. 

NOCK Steffen NOCk" Steffen' S'r "* Y ' Pal ° Mt °' CA 94303 < « 

94062, US ste "en, 3629 Glenwood Avenue, Redwood City, CA 

ITIN Christian, ITIN, Christian, 315 Waverlev Street ^ , 

94025, US "dveriey street &3 , Menlo Park, CA 

^^^n^ Priorit y ^formation (Country, Number, Date) • 

I"??:'. W0 0004390 A2 20000127 (WO 200004390) 

Application: . W0 99US15969 19990714 (PCT/WO US9915969) 

Priority Application: US 98115397 19980714 US9915969) 

■ ^dTdk PS'i^Vi^* ^ " « » CA CH CN « CZ CZ DE 

Main International Patent Class: G01N-033/53 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 21176 
English Abstract 

French Abstract 

aw SS^1^~^2 Site* 

diagnostic clinK et sont "'I' P roteomi <P« fonctionnelle et le 
parallele de famUies de n™? e . preference utili "s pour cribler en 
?logoff hold Proteines apparentees. 
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Sub account: 2087-010140-LAUNCHCYTE-BEJ 
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### Status: Initializing TCP/IP using (UseTelnetProto 1 ServicelD dialog.com) 
Trying 3106... Open 

DIALOG INFORMATION SERVICES 
PLEASE LOGON: 

******** HHHHHHHH SSSSSSSS? 
### Status: Signing onto Dialog 

******** 

ENTER PASSWORD: 

******** HHHHHHHH SSSSSSSS? ******** 
Welcome to DIALOG 
### Status: Connected 



Dialog level 00.12.12D 

Reconnected in file 349 18apr01 15:37:32 
NOTICE set ON to $20.00 

You will be prompted to confirm each TYPE or PRINT request where 
format charges exceeds $20.00 
Please enter SUBACCOUNT name/number: 
72087-010140 

Is 2087-010140. the SUBACCOUNT you want to use? (Y/N) 
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DIALOG (R) File 349:PCT Fulltext 

(c)- 2001 WIPO/MicroPat . All rts. reserv, 

00691491 

ARRAYS OF PROTEIN- CAPTURE AGENTS AND METHODS OP USE THEREOF 

GROUP EMENTS D 1 AGENTS D 1 INTERCEPTION DE PROTEINE ET PROCEDES D " UTILISATION 
DE CEUX-CI 

Patent Applicant/Assignee: 

ZYOMYX INC, ZYOMYX, INC., 3912 Trust Way, Hayward, CA 94545, US 
Inventor (s) : 

WAGNER Peter, WAGNER, Peter, 2211 Village Court &7 , Belmont, CA 94002, US 
NOCK Stef fen, NOCK, Steffen, 3629 Glenwood Avenue, Redwood City, CA 
94062, US 

AULT-RICHE Dana, AULT-RICHE, Dana, 972 Cajon Way, Palo Alto, CA 94303, US 
ITIN Christian, ITIN, Christian, 315 Waverley Street &3 , Menlo Park, CA 
94025, US 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 0004389 A2 20000127 (WO 200004389) 

Application: WO 99US15968 19990714 (PCT/WO US9915968) 

Priority Application: US 98115455 19980714 

Designated States: AE AL AM AT AT AU AZ BA BB BG BR BY CA CH CN CU CZ CZ DE 
DE DK DK EE EE ES FI FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR 
KZ LC LK LR LS LT LU LV MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI 
SK SY. SL TJ TM T? tt :?a *TG UZ V\ ? YU ZA ZW GH GM KE LS MW SD SL SZ UG ZW 



AM AZ BY KG KZ MD RU TJ TM AT BE CH CY DE DK ES FI FR GB GR IE IT LU NIC 
• NL PT SE BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 
Main International Patent Class: G01N-033/53; 
Publication Language: English 
Filing Language:. English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 26401 
English Abstract 

Arrays of protein-capture agents useful for the simultaneous detection of 
a plurality of proteins which are the expression products, or fragments 
thereof, of a cell' or population of cells in an organism are provided. A 
variety of antibody arrays, in particular, are described. Methods of both 
making and using the arrays of protein-capture agents are also disclosed 
The invention arrays are particularly useful for various proteomics 
applications including assessing patterns of protein expression and 
modification in cells. 

French Abstract 

L» invention concerne des groupements d 1 agents d' interception de proteine 
utiles pour mettre en oeuvre une detection simultanee de plusieurs 
proteines qui sont les produits d' expression, ou des fragments de 
ceux-ci, d'une cellule ou d'une population de cellules dans un organisme. 
Divers groupements d'anticorps sont notamment decrits. L' invention 
concerne egalement des procedes de fabrication et d 1 utilisation des 
groupements d' agents d' interception de proteine. Les groupements de 
1' invention sont particulierement utiles pour diverses applications de 
proteomique, y compris pour evaluer des motifs d' expression et de 
modification de proteine dans des cellules. 



1/5/3 

DIALOG (R) File 349:PCT Fulltext 

(c) 2001 WIPO/MicroPat . All rts. reserv. 

00691485 **Image available** 

ARRAYS OF PROTEINS AND METHODS OP USE THEREOF 

GROUPEMENTS DE PROTEINES ET PROCEDES D* UTILISATION DE CEUX-CI 

Patent Applicant/Assignee: 

ZYOMYX INC, 3912 Trust Way, Hayward, CA 94545, US, US (Residence), US 
(Nationality . 
Inventor (s) : 

WAGNER Peter, 2211 Village Court #7, Belmont, CA 94 002, US, 
AULT-RICHE Dana, 972 Cajon Way, Palo Alto, CA 94303, US, 
NOCK Steffen, 3629 Glenwood Avenue, Redwood City, CA 94062, US, 
ITIN Christian, 315 Waverley Street #3, Menlo Park, CA 94025, US, 

Legal Representative: 

CHOW Y Ping (et al) (agent), Heller Ehrman White & McAuliffe, 525 
University Avenue, Palo Alto, CA 94301-1900, US, 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200004382 Al 20000127 (WO 0004382) 

Application: WO 99US15971 19990714 (PCT/WO US9915971) 

Priority Application: US 98115455 19980714 

Designated States: AE AL AM AT AT (utility model) AU AZ BA BB BG BR BY CA 
CH CN CU CZ CZ (utility model) DE DE (utility model) DK DK (utility 
model) EE EE (utility model) ES FI FI (utility model) GB GD GE GH GM HR 
HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD MG MK MN MW MX 
NO NZ PL PT RO RU SD SE SG SI SK SK (utility model) SL TJ TM TR TT UA UG 
UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

(OA) 3F BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW SD SL SZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: G01N-033/543 
International Patent Class: GOiN-033/551 
Publication Language: English 
Filing Language: English 



Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 20640 
English Abstract 

Protein arrays for the parallel, in vitro . screening of biomolecular 
activity are provided. Methods of using the protein arrays are also 
disclosed. On the arrays, a plurality of different proteins, such as 
different members of a single protein family, are immobilized on one or 
more organic thin films on the substrate surface. The protein arrays are 
particularly useful in drug development, proteomics, and clinical 
diagnostics. 

French Abstract 

L' invention concerne des groupements de proteines permettant de mettre en 
oeuvre un criblage in vitro en parallele d'activite biomoleculaire . Des 
procedes d ■ utilisation des groupements de proteines sont egalement 
decrits. Dans les groupements, plusieurs proteines differentes telles que 
des membres differents d'une seule famille de proteines, sont 
immobilisees sur un ou plusieurs films minces organiques a la surface du 
substrat. Les groupements de proteines sont particulierement utiles dans 
le developpement de medicaments, la proteomique et le diagnostic 
c Unique. 
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00792304 **Image available** 
PROSTATE CANCER MARKER PROTEINS 
PROTEINES MARQTJEUR DU CANCER DE LA PROSTATE 

Patent Applicant/Assignee: 

CI PHERGEN BIOSYSTEMS INC, 6611 Dumbarton Circle, Fremont, CA 94555, US, 
US (Residence), US (Nationality), (For all designated states except: 



EASTERN VIRGINIA MEDICAL SCHOOL, 700 West Olney Road, Norfolk.. 7A 23507, 
US, US (Residence), US (Nationality), (For all designated states 
except : US 
Patent Applicant/Inventor: 

YIP Tai-Tung, 7515 Kingbury Court, Cupertino, CA 95014, US, US 

(Residence), US (Nationality), (Designated only for: US) 
YIP Christine, 7515 Kingbury Court, Cupertino, CA 95014, US, US 

(Residence), US (Nationality), (Designated only for: US) 
WRIGHT George L Jr, 829 Moultrie Court, Virginia Beach, VA 23455, US, US 
(Residence), US (Nationality), (Designated only for: US) 
Legal Representative: 

CHOI Kathleen L (et al) (agent), Townsend and Townsend and Crew LLP, Two 
E-mbarcadero Center, 8th Floor, San Francisco, CA 94111-3834, US, 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200125791 A2 20010412 (WO 0125791) 

Application: WO 2000US27682 20001006 (PCT/WO US0027682) 

Priority Application: US 99158422 19991007 
Designated States: AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CR CU CZ 
DE DK DM DZ EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ 
LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU SD SE SG 
SI SK SL TJ TM TR TT TZ UA UG US UZ VN YU ZA ZW 
(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 
(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 
(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 
(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: G01N-033/574 
Publication Language: English 
Filing Language: English 

English Abstract 

The invention provides methods and kits that can be used as an aid for 
prostate cancer diagnosis using markers that are differentially present 
in the samples of prostate cancer patients and subjects who do not have 
prostate cancer (e.g., benign prostate hyperplasia patients or normal, 
healthy subjects) . 
French Abstract 

L' invention concerne des techniques et des kits contribuant a 
diagnostiquer le cancer de la prostate a l'aide de marqueurs qui sont 
presents dans les echantillons des patients souffrant du cancer de la 
prostate et des sujets qui ne sont pas atteints du cancer de la prostate 
(p. ex. patients souffrant d f hyperplasie pros tat ique benigne ou des 
sujets normaux et en bonne sante) . 

Legal Status (Type, Date, Text) 

Publication 20010412 A2 Without international search report and to be 

republished upon receipt of that report. 
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VARIABLE WIDTH DIGITAL FILTER FOR TIME -OF -FLIGHT MASS SPECTROMETRY 
FILTRE NUMERIQUE A LARGETO VARIABLE POUR SPECTROMETRIE DE MASSE DE TEMPS DE 
VOL 

Patent Applicant/Assignee: 

CIPHERGEN BIOSYSTEMS INC, 490 San Antonio Road, Palo Alto, CA 

94306-4636, US, US (Residence), US (Nationality), (For all designated 
states except: US 
Patent Applicant/Inventor: 

GAVIN Edward J, 1440 Isabella Street, Santa Clara, CA 95050, US, US 

(Residence), US (Nationality), (Designated only for: US) 
BRAG INS KY Leonid, 107 Hagen Road, Newton, MA 02459, US, US (Residence), 
US (Nationality), (Designated only for: US) 
Legal Representative: 

LEMOND Kevin T, Townsend and Townsend and Crew LLP, Two Embarcadero 
Center, Eighth Floor, San Francisco, CA 94111-3834, US 
Patent and Priority Information 'Country, Number, Date ^ : 



Patent: WO 200070648 A2 20001123 (WO 0070648) 

Application: WO 2000US13153 20000512 (PCT/WO US0013153) 

Priority Application: US 99134072 19990513 
Designated States: AE AG AL AM AT AU AZ BA BB BG BR BY CA CH CN CR CU CZ DE 
DK DM DZ EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC 
LK LR LS LT LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK 
SL TJ TM TR TT TZ UA UG US UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: H01J-049/40 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 2 97 8 . 
English Abstract 

A method and system of detecting mass to charge ratio of ions. The method 
includes producing charged ions in a vacuum, accelerating the charged 
ions in an electric field into a free flight tube and detecting the 
charged ions at a detector associated with the free flight tube. A 
control system selects a bandwidth for filtering a signal produced by the 
detector and the signal produced by the detector is then filtered with a 
variable width digital filter based upon the selected bandwidth. The 
bandwidth for filtering the signal may be selected from a look-up table 
within the control system based upon the mass to charge ratio of an ion 
of interest. Alternatively, a peak bandwidth within the signal produced 
by the detector may be determined and the signal produced by the detector 
may then be filtered with the variable width digital filter based upon 
the determined peak bandwidth. 

French Abstract 

L' invention concerne un procede et un systeme de detection du rapport 
masse-charge d'ions. Le procede consiste a introduire des ions charges 
dans un vide, a accelerer les ions charges dans un champ electrique dans 
un tube de vol libre puis a detecter les ions charges dans un detecteur 
associe au tube de vol libre. Un systeme de commande selectionne une 
largeur de bande de filtrage d'un signal produit par le detecteur puis le 
signal produit-par le detecteur est filtre avec un. filtre numerique a 
largeur variable sur la base de la largeur de bande selectionnee. La 
. largeur de bande de filtrage du signal peut etre selectionnee dans une 
table de recherche dans le systeme de commande sur la base du rapport 
masse-charge d'un ion interessant . Dans un autre mode de realisation, on 
peut .determiner une largeur de bande de crete dans le signal produit par 
le detecteur et on peut filtrer le signal produit par le detecteur avec 
le filtre numerique a largeur variable sur la base de la largeur de bande 
de crete determinee. 

Legal Status (Type, Date, Text) 

Publication 20001123 A2 Without international search report and to be 

republished upon receipt of that report. 
Search Rpt 20010201 Late publication of international search report 
Examination 20010308 Request for preliminary examination prior to end of 

19th month from priority date 
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OPTICAL BENCH FOR LASER DESORPTION/IONIZATION MASS SPECTROMETRY 

BANC OPTIQUE POUR SPECTROMETRIE DE MASSE PAR DE SORPTION/ I ONI SAT I ON LASER 

Patent Applicant/Assignee: 

CIPHERGEN BIOSYSTEMS INC, 490 San Antonio Road, Palo Alto, CA 

94306-4636, US, US (Residence), US (Nationality) , {For all designated 



states except: US 
Patent Applicant/Inventor: 

WEINBERGER Scot R, 657 Georqe Street- nw = 

(Residence), US (Nationality^ SsiSar.^ ? !"° 7 ' US ' US 
BRYAN Raymond G, 173 Nottinahai'r* d 9 ° nly f ° r: US) 

u^C2S±: •WWirSW""'- " 

P.te.t jnd Priority mior^tU "Lb" r. M „ . 

AP nation, J SSJ«",S 12J '"° °°'° 6 "> 

Priority Application: « ISffi T» ' PCW "° OS ° 012 ' 841 

"ffsrs ■ Jr^^» » « » - "„vj. a « <* » « » - 
s S w s s s S S S 2 s s s s g s - " SE 

AP) GH GM KE LS MW SD SL SZ TZ UG ZW 
(EA) AM AZ BY KG KZ MD RU TJ TM 

Sub^^ erna T ti0nal ' Patent ClaSS: HOU-049/16 
Publication Language: English 

Filing Language: English 

Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 5667 
English Abstract 

fociVp llZZlnl iTinTsSafe"? 6 ^ 8 U9ht fr ° m the^aStd 19 
. light from the focusing stru tS: 1™' ? attenuator that ™.c. ives 

light from the attenuator from tt ?! " eer «9 structure for directing 
for focusing light rro"m che bea^ III 9 ^ a fi " ai foCUsin 9 ele <™t 
Further focusing elements mav h? ? ? f I f ructure 0 " the target, 
dispersing the light beam ?d f r ' f ° r fU " her foCusin 9 and 
photodetectors orpLSodes mav be" J T ! ' f Additiona11 ^ 
sensing a lasing event 7 lncluded for energy measurement and 

French Abstract 

focalisation qui rltliTL lllitr* a T^' U " 6 structu " de 

sur un seul X n un affaiblw,? du . laser . et f ° c *^e principalement 

de focalisation?^ SJSJSTpStSTS J*^^ ^ la StrUCtUre 
lumiere de 1 'af faiblisseur v = J uf 9 dU faisceau W oriente la 
terminal qui Jocalise 11 IZtlL T «ble,.et un element de focalisation 
sur la cible. D-Sutres eleZL H f * tnictu " d * Pointage du faisceau 

otr? WpS^'sssrr.is s~ c de 

Legal Status (Type, Date, Text) 

S B W ^ h interaati - a l search report, 
ruication 20001123 Al Before the expiration of the time limit for 
amending the claims and to be republished in the 

Examination 20010315 Recast f«™r ^ °' amendments - 

Request for preliminary examination prior to end of 
i3tn month from priority date 
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00754266 

PROBES FOR A GAS PHASE ION SPECTROMETER 

SONDES POUR SPECTROMETRE D 1 IONS EN PHASE GAZETJSE 

Patent Applicant/Assignee: 

CIPHERGEN BIOSYSTEMS INC, 490 San Antonio Road, Palo Alto, CA 

94306-4636, US, US (Residence), US (Nationality), (For all designated 
states except: US 
Patent Applicant/ Inventor : 

RICH William E, 840 Corriente Point Drive, Redwood Shores, CA 94565, US, 

US (Residence), US (Nationality), (Designated only for: US) 
UM Pil-Je, 385 Mountain View Drive # 4, Daly City, CA 94014, US, US 

(Residence), KR (Nationality), (Designated only for: US) 
VOIVODOV Kamen, 3382 Pine Wood Court, Hayward, CA 94542, US, US 

(Residence), US (Nationality), (Designated only for: US) 
YIP Tai-Tung, 7515 Kingsbury Court, Cupertino, CA 95014, US, US 

(Residence), (Nationality), (Designated only for: US) 
BEECHER Jody, 1919 Kirkland Avenue, San Jose, CA 95125, US, US 
(Residence), US (Nationality), (Designated only for: US) 
Legal Representative: 

WEBER Kenneth (et al) (agent) , Townsend and Townsend and Crew LLP, 8th 
Floor, Two Embarcadero Center, San Francisco, CA 94111, US, 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200066265 A2 20001109 (WO 0066265) 

Application: WO 2000US11452 20000427 (PCT/WO US0011452) 

Priority Application: US 99560715 19990427; US 99131652 19990429 
Designated States: AE AG AL AM AT AU AZ BA BB BG BR BY CA CH CN CR CU CZ DE 
DK DM DZ EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC 
LK LR LS LT LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK 
SL TJ TM TR TT TZ UA UG US UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: BOIL 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 17966 
English Abstract 

The invention provides a probe and a method of making the probe that is 
removably insertable into a gas phase ion spectrometer, the probe 
comprising a substrate having a surface and a hydrogel material on the 
surface, the hydrogel material comprising binding functionalities for 
binding with an analyte detectable by the gas phase ion spectrometer. The 
invention also provides a probe and a method of making the probe that is 
removably insertable into a gas phase ion spectrometer, the probe 
comprising a substrate having a surface and a plurality of particles that 
are uniform in diameter on the surface, the particles comprising binding 
functionalities for binding with an analyte detectable by the gas phase 
ion spectrometer. Further, the invention provides a system comprising the 
probe of the present invention and a gas phase ion spectrometer 
comprising an energy source that directs light to the probe surface to 
desorb an analyte and a detector in communication with the probe surface 
that detects the desorbed analyte. The invention also provides a method 
for desorbing an analyte from a probe surface, the method comprising 
exposing the binding functionalities to a sample containing an analyte 
under conditions to allow binding between the analyte and the binding 
functionalities, and desorbing the analyte from the probe by gas phase 
ion spectrometry. 

French Abstract 

L f invention concerne une sonde et un procede de fabrication de cette 
sonde, laquelle peut etre inseree de facon amovible dans un spectrometre 
d'ions en phase gazeuse . Ladite sonde comprend un substrat presentant une 

surface et une mat i ere hvdrogel deposee sur ladite surface. Ladite 



matiere presente des fonctions de liaison oui i,h 
avec la substance a analyser, laqueile SbSlni- P T ettei * de se 
moyen d'un spectrometre d'ions enchase 1 2* ^ et " detectee au 
egalement une sonde et un precede de !L?"S T^™ 
peut etre inseree de facon amovible dans un lr°r, " tte J sonde < la «3 u ^le 

spectrometre d- ion's en Sse^azeusf ca^ 0 ^ 6 "* 1 * Une telle sonde < un 

:e FrHH 

,.,„, „»;::.'™ ; !=r.-^r„-.'« 

Legal Status (Type, Date, Text) 

Publication 20001109 A2 Without international search report and to be 
c . republished upon receipt of that r^nnri- 

Examination 20001221 Request for preliminary^ exLin^tion^or to end of 
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Republication 20010315 A2 Without international search report and to be 
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s S St H °d?£hS^ F0R GAS phase mass spbctrometers 

EN PHASE GAZEUSE REVETEMENT HYDROPHOBE POUR SPECTROMETRE DE MASSE 

Patent Applicant/Assignee: . 

' "SSfV 1 ^ =I EMS ™ C < Suite B < 490 San Antonio Road, Palo Alto CA 

except:^ <ReSldenCe) < US Nationality), (For all designated stages 
Patent Applicant/Inventor: 
BEECHER jody 1919 Kirkland Avenue, San Jose, CA 95125, US us 
SCHEUPPTp n p e) ', US (Nationali ty>- (Designated only for: US) 
SCHEUFELE Frank, 809 Northamption Drive, Palo Alto, CA 94303 US US 
VO ST 6 '' "f (Nationa lity), (Designated only for: US) ' 

SsiLSf n 'J 3 ^ Pine W ° 0d C0U "' Ha ^ ard < 94 542 ( US, US 
wJS ^ 1 ' BG (Natl °nality) , (Designated only for: US) 
WEINBERGER Scot, 657 George Street, Montara, CA 94307, Si US " (Residence) 
inm™iB ' W (Designated only for: US) (Residence) 

LANDGRAF William C, 762 Stone Lane, Palo Alto, CA 94303, US US 
Legal^SatSe^" 1011311 ^'' ' D -^ated only for: US) 

Patent and Priority Information (Country, Number, Date) • 

I , nt \. W0 200067293 Al 20001109 (WO 0067293) 

Application: WO 2000US11499 20000427 (PCT/WO US0011499) 

_ Priority Application: US 99131653 19990429 =>«uii4ss, 

"r.v^riz l"?.r; r ^ 3 A ^j £ % A ^^^. s !. 3 ?. 3 ?.sv CA CH CN CR cu C2 DE 



N -S J? KE KG K? K? K2 LC 



LK LR LS LT LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK 
SL TJ TM TR TT TZ UA UG US UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: H01J-049/04 
International Patent Class: G01N-035/00 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 4421 
English Abstract 

This invention provides sample holder for mass spectrometry including a 
substrate having a surface and a film that coats the surface. The film 
includes openings that define features for the presentation of an 
analyte. The film also has a lower surface tension than the surface 
tension of the substrate surface, and has a water contact angle between 
120degrees and 180degrees. 

French Abstract 

L' invention porte sur un support d 1 echantillons pour spectrometre de 
masse comportant un substrat dont la surface est revetue d'un film, 
comportant des ouvertures aux caracteristiques permettant la presentation 
d'un analyte, dont la tension superf icielle est inferieure a celle de la 
surface du substrat, et dont 1' angle de raccordement de 1 1 eau est compris 
entre 120degrees et 180degrees. 
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SECONDARY ION GENERATOR DETECTOR FOR TIME -OF -FLIGHT MASS SPECTROMETRY 
DETECTEUR COMPRENANT UN GENERATEUR D 1 IONS SECOND AIRES POUR SPECTROMETRIE DE 
MASSE A TEMPS DE VOL 

Patent Appl i cant /Ass ignee : 

CIPHERGEN BIOSYSTEMS INC, CIPHERGEN BIOSYSTEMS, INC. , 490 San Antonio 
Road, Palo Alto, CA 94306-4636 , US 
Inventor (s) : 

WEINBERGER Scot R, WEINBERGER, Scot, R. , 657 George Street, Montara, CA 
94307 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9916103 Al 19990401 

Application: WO 98US19865 19980922 (PCT/WO US9819865) 

Priority Application: US 9759828 19970923 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GD GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV 
MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG 
US UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT 
BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA 
GN GW ML MR NE SN TD TG 

Main International Patent Class: H01J-049/02; 

International Patent Class: H01J-049/40; 

Publication Language: English 



Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 9739 
English Abstract 

An ion detector includes a secondary charged particle generator that 
generates secondary charged particles in response to primary ions that 
engage the secondary charged particle generator. The secondary charged 
particle generator has an electrostatic potential that repels the 
secondary charged particles toward an electro-emissive detector that 
generates electrons in response to primary ions and secondary charged 
particles that engage the electro-emissive detector. The electro- 
emissive detector has a field that attracts the secondary charged 
particles. An anode is provided for detecting electrons generated by the 
electro-emissive detector and for generating a signal. 

French Abstract 

Un detecteur d'ions comprend un generateur de particules chargees 
secondaires qui genere des particules chargees secondaires en reponse a 
des ions primaires qui entrent dans le generateur de particules chargees 
secondaires. Le generateur de particules chargees secondaires comprend un 
potentiel electrostatique qui repousse les particules chargees 
secondaires vers un detecteur emettant des electrons qui genere des 
electrons en reponse aux ions primaires et aux particules chargees 
secondaires qui entrent dans le detecteur emettant des electrons. Ce 
detecteur emettant des electrons comporte un champ qui attire les 
particules chargees secondaires. Une anode est prevue pour detecter les 
electrons generes par le detecteur emettant des electrons et pour generer 
un signal. 
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RETENTATE CHROMATOGRAPHY AND PROTEIN CHIP ARRAYS WITH APPLICATIONS IN 

BIOLOGY AND MEDICINE 
CHROMATOGRAPHY SUR PRODUIT RETENU ET ARRANGEMENTS DE PROTEINES SUR CIRCUIT 

AVEC APPLICATIONS BIOLOGIQUES ET MEDICALES 

Patent Applicant/Assignee: 

CIPHERGEN BIOSYSTEMS INC, CIPHERGEN BIOSYSTEMS, INC. , Suite B, 470 San 
Antonio Road, Palo Alto, CA 943 06 , US 
Inventor (s) : 

HUTCH ENS T William, HUTCHENS, T . , William , 28 Carriage Court, Los Altos, 
CA 95618 , US 

YIP Tai-Tung, YIP, Tai-Tung , 7515 Kingsbury Court, Cupertino, CA 95014 , 
US 

Patent and Priority Information (Country, Number, Date) : 
Patent: * WO 9859362 Al 19981230 

Application: WO 98US12908 19980619 (PCT/WO US9812908) 

Priority Application: US 9754333 19970620; US 9767484 19971201 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM GW HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO" NZ PL PT R0 RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
ML MR NE SN TD TG 

Main International Patent Class: H01J-049/04; 

Publication Language: English 

filing Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 3 8 80S 



This invention provides methods of retentate chromatography for resolving 
analytes in a sample. The methods involve adsorbing the analytes to a 
substrate under a plurality of different selectivity conditions, and 
detecting the analytes retained on the substrate by desorption 
spectrometry. The methods are useful in biology and medecine, including 
clinical diagnostics and drug discovery. 

French Abstract 

L 1 invention concerne ^des procedes de chromatographie sur produit retenu 
destines a separer des analytes dans un echantillon. Ces procedes 
consistent tout d 1 abord a adsorber lesdits analytes sur un substrat, dans 
des conditions de selectivite variable, puis a detecter les analytes . 
accumules sur ce substrat par spectrometrie de desorption. Ces procedes 
sont utiles en biologie et en medecine, notamment pour des diagnostics 
cliniques et la recherche de medicaments. 
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RETENTATE CHROMATOGRAPHY AND PROTEIN CHIP ARRAYS WITH APPLICATIONS IN 

BIOLOGY AND MEDICINE 
CHROMATOGRAPHIE PAR RETENTAT ET ENSEMBLES DE DETECTION DE PROTEINS S AYANT 

DES APPLICATIONS BIOLOGIQUES ET MEDIC ALES 

Patent Applicant/Assignee: 

CIPHERGEN BIOSYSTEMS INC, CIPHERGEN BIOSYSTEMS, INC. , Suite B, 470 San 
Antonio Road, Palo Alto, CA 94306 , US 
Inventor (s) : 

HUTCHENS T William, HUTCHENS, T. , William , 28 Carriage Court, Los Altos, 
CA 95618 , US 

YIP Tai-Tung, YIP, Tai-Tung , 7515 Kingsbury Court, Cupertino, CA 95014 , 
US 

Patent and Priority Information (Country, Number, Date): 
Patent: WO 9859361 Al 19981230 

Application: WO 98US12907 19980619 (PCT/WO US9812907) 

Priority Application: US 9754333 19970620; US 9767484 19971201 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM GW HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG' SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
ML MR NE SN TD TG 

Main International Patent Class: H01J-049/04; 

Publication Language: English 

Filing Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 38957 
English Abstract 

This invention provides methods of retentate chromatography for resolving 
analytes in a sample. The methods involve adsorbing the analytes to a 
substrate under a plurality of different selectivity conditions, and 
detecting the analytes retained on the substrate by desorption 
spectrometry. The methods are useful in biology and medicine, including 
clinical diagnostics and drug discovery. 

French Abstract 

L' invention concerne des procedes de chromatographie par retentat 
permettant de detecter des analytes dans un echantillon. Ces procedes 
consistent a adsorber les analytes sur un substrat, dans une pluralite de 
conditions de selectivite differentes, et a detecter les analytes retenus 
sur ce substrat par spectrometrie de desorption. Ces procedes sont utiles 
en biologie et en medecine, notamment pour des diagnostics cliniques et 
la decouverte de medicaments. 
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RETENTATE CHROMATOGRAPHY AND PROTEIN pbtb , 

BIOLOGY AND MEDICINE PROTEIN CHIP ARRAYS WITH APPLICATIONS IN 

CHROMATOGRAPHIE PAR RETENTAT ET «»,<!»»,« 

_ ™ APPLICATIONS EN BIOLOGIE ET EN^DECINE DmCTI ° N ° E PR ° TEINES 

Patent Applicant/Assignee: MEDECINE 

CIPHERGEN BIOSYSTEMS INC, CIPHERGEN BIOSYSTEMS tmp c 

Antonio Road, Palo Alto, CA 94306 US ' C ' ' Suite B ' 470 Sa * 

Inventor(s) : ' b 

' "TSJ ^ — -< - a. Carriage Court, Los Altos 

^Tai-Tung, YIP, Tai-Tung , 7515 Kingsbury Court, Cupertino, CA 95014 

Pa pa 6 ten? nd Prl ° rity Info ™ation <C ° Untr y< »r, Date) - 
Application W ° 9859360 A1 19981230 

pSrS^plication- £ IwllVUSll? 1 ' ' PCT/W ° US9812843 > 
Designated States : AL AM AT AU AZ BA BB nr bd^b 9?67484 19971201 

PI GB GE GH GM GW HU ID IL IS JP KE KG KP KR ^ C fr CH CN CU « ° E DK EE E * 
MG MK MN MW MX NO NZ PL PT RO RU S SE SG 5 5 % LK LR LS LT LU LV MD 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ?l ™ 11 fv SL TJ ™ TR TT UA UG ™ 
CH CY DE DK ES FI PR GB GR IE IT H MC 5? c 11 K ° K2 MD RU TJ ™ AT BE 
ML MR NE SN TD TG " C NL PT SE BF BJ ^ CG CI CM GA GN 

^K?- In ^ rnati0nal Pafc ent Class: HOlJ-049/04- 
Publication Language: English ' 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 38891 
English Abstract 

2; y ^^.^ST2^ 1 JS? t ; Ch r at0 ^y for resolving 
substrate under a plurality of llff™* f °^ lng the anal y tes *> * 
detecting the analytes retained of till t^t^ condit ™™- and 
spectrometry. The methods are ,,Jf,n s ^ s trate by desorption 
clinical diagnostics^ drug Svery . ^ " d mediCine ' includin 9 
French Abstract 

ssi'LSTassjcriSs?: per r tant de d — - 

analytes sur un subs s S Plurality f COr \ sistent a ^sorber les 

- differentes, et a detecter les a™?,? 6 condl tions de selectivite 

spectrometrie de desertion ZeESFSr 'f™ SUr le Substrat ? ar 

en medecine, par ex 2 dL ! precedes sont utiles en biologie et 

de medicament?. P P ° Ur d6S dla 9 nos tics cliniques et la decouverte 
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SKS 2S" SS BIOPOEYWBR LADDERS 

P.«nt AppH„nt/i"?g„S : D ECHELLES DE BIOPOLSMEEES 

THE ROCKEFELLER UNIVERSITY 
THE SCRIPPS RESEARCH INSTITUTE 
CIPHERGEN BIOSYSTEMS INC 
Inventor (s) : 
CHAIT Brian T 

WANG Rong ' '' 



CLARK Steven M 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9636732 Al 19961121 

Application: WO 96US6938 19960514 (PCT/WO US9606938) 

Priority Application: US 95446208 19950519; US 95474997 19950607 
Designated States: AU CA JP KR AT BE CH DE DK ES FI FR GB GR IE IT LU MC NL 
PT SE 

Main International Patent Class: C12Q-001/68; 

International Patent Class: C12Q-001/34; C12Q-001/37- C12P-019/34- 

G01N-033/00; C07H-019/00; C07H-021/02; 
Publication Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 6735 
English Abstract 

Methods, of producing biopolymer ladders and their use to obtain 
structural information about the biopolymer. The ladders are produced by 
setting up catalytic cleavage and terminating reactions at the end of 
biopolymer molecules. The terminating reactions terminate cleavage of a 
percentage of the biopolymer molecules at each round of cleavage. 

Japanese Abstract 

L' invention se rapporte a des procedes de production d'echelles de 
biopolymeres et a leur utilisation permettant d'obtenir des informations 
structurelles sur le biopolymere. On produit ces echelles en etablissant 
un clivage catalytique et des reactions terminales a l'extremite des 
molecules des biopolymeres. Les reactions terminales terminent le clivage 
d'un pourcentage de molecules de biopolymeres a chaque serie de clivage 
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GEL ELECTROPHORESIS IMAGE WARPING 

DEFORMATION D 1 IMAGES PAR ELECTROPHORESE SUR GEL 

Patent Applicant/Assignee: 

LARGE SCALE PROTEOMICS CORP , 9620 Medical Center Drive, Rockville, MD 
20850, US, US (Residence), US (Nationality 
Inventor (s) : 

TAYLOR John Jr, 401 Sconebrock Drive, Clayton, NC 27520, US, 



Legal Representative: 

LONGANECKER stacey (et al) (agent,, Roylance, Abrams , ■ Berdo t Goodman, 

n >. L 1300 . 19th Street, N.W., Suite 600, Washinqton DC 20036 its 

Patent and Priority Information (Country, Number DaS) 

l at * nt: . WO 200126039 Al 20010412 ' (WO 0126039) 

Application: wo 2000US27280 20001004 (PCT/WO US0027280) 

Priority Application: US 99157830 19991005; US 2000643675 200^824 

S « S S a CR S CU^ A r^ JV* AT (UtiUty mo ^ e ^ AU AZ BA BB BG BR BY 
BZ CA CH CN CR CU CZ CZ (utility model) DE DE (utility model) DK nv 
• (utility model) DM DZ EE EE (utility model) ES l„? r * ?, 

GD GE GH GM HR HU ID IL IN IS UP Ke'kgIpVk/ u 1 y^ C^K 
LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU D SG S S 
S <L V, 1 ^ m ° del) SL " ™ TR TT TZ UA UG ^ VN YU ZA ZW ^ 

S n 11 S ^ DE ° K ES FI FR GB GR IE IT LU MC ^ PT SE 
(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TU TM 

Main International Patent Class: G06K-009/00 

In C07H-521/02 Patent ClaSS: G06K -° 09/62 '- G06K-009/32; C12Q-001/68 ; 
Publication Language: English 
Filing Language: English 

English Abstract 

a oluraUt^o? 1 ^? 11 '? 11 l^t pr ° cessin 9 meth ° d and apparatus for warping 
includes the Lin J lectro P horesls im ^s is provided. The. method 9 
includes the step of assigning tiepoints in a reference imaqe and in onP 
or more object images (S3). The tiepoints in the object are 

Soinfin n th by "°r ^ C ° m P arison to regions about'a correspond ng 
n t?°l reference image, and the location of the tiepoint in the 

. M ?f I s ad ^ usted b V ^ight movement to a location wifh respect to 
recognizable features in both the reference and object i-nag- ^e"^ 

location In itio ^ * l0Cati ° n in the reference Image^with a 

location in the object image. Outlier tiepoint pairs may be rejected if 
that pair does not meet predetermined conditions (S3) . Warping functions 
are generated and then globally optimized (S6) . The plurality of images 
. are tied together using the tiepoint pairs such that all of the ile 
may be subsequently warped into registration to a single base image 9 
selected from the plurality of images (S10) . 9 

French Abstract 

ii^r^ i0n COnCerne u *.Pr°cede et un appareil de traitement d' images 
mises en oeuvre sur ordinateur destines a deformer une pluralite d?imaqes 
par electrophorese sur gel. Ce precede comprend les etapes d- assignation 
de points de passage dans une image de reference et dans au moins une 

unTun IT (S3) ' P ° in , tS dS PaSS3ge danS 1,ima 9 e ob i et -nt evalues 

un a un par comparaison a des regions situees autour d'un point de 

passage correspondent dans 1' image de reference, et 1 'emplacement du 

un IL?! PaS ^ 9e d f 3 1 ' lma9e ° bjet 6St a ^ Uste P ar un le 9« mouvement a 
L M jV 0n ? 0n de """eristiques reconnaissables a la fois 

defin r Zl ' ^ 1 ' iraa9e de reference ' « ^i permet ainsi de 

definir une paire de points de passage liant un emplacement dans 1' image 
de reference avec un emplacement dans 1' image objet. Des paires de Joints 
de passage aberrants peuvent etre rejetees si cette paire ne correspond 
pas aux conditions predeterminees (S3). Des fonctions de delormalJSsont 

r^cheelnr 1 ^ 910 ' 316 ^ °P timisees ««> ■ La pluralite des tm ages es 
rattachee ensemble au moyen des paires de points de passage de telle 

;n n enre e qSt e rement S en e f ^ def ™ "'posterieuremen^dans 

n" h f ? en . Action d'une image de base unique selectionnee a 
partir de plusieurs images (S10) . 

Legal Status (Type, Date, Text) 

Publication 20010412 Al With international search report'. 
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GEL ELECTROPHORESIS IMAGE COMBINING FOR IMPROVED DYNAMIC RANGE 
COMBINAISON D 1 IMAGES D ' ELECTROPHORESE SUR GEL PERMETTANT D 1 OBTENIR UNE 
PLAGE DYNAMIQUE AMELIOREE 

Patent Applicant/Assignee: 

LARGE SCALE PROTEOMICS CORPORATION , 9620 Medical Center Drive, Suite 
201, Rockville, MD 20850, US, US (Residence), US (Nationality 
Inventor (s) : 

TAYLOR John Jr, 401 Stonebrook Drive, Clayton, NC 27520, US, 
Legal Representative: 

IHNEN Jeffrey L (et al) (agent), Rothwell, Figg, Ernst & Manbeck, Suite 

701 East, 555 13th Street N.W., Columbia Square, Washington, DC 20004, 

US, 

Patent and Priority Information (Country, Number, Date) : 

Patent: ' WO 200116884 Al 20010308 (WO 0116884) 

Application: WO 2000US22885 20000821 (PCT/WO US0022885) 

Priority Application: US 99387728 19990901 

Designated States: AE AG AL AM AT AU A2 BA BB BG BR BY BZ CA CH CN CR CU CZ 
DE DK DM DZ EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ 
LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU SD SE SG 
SI SK SL TJ TM TR TT TZ UA UG UZ VN YU ZA ZW 
(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 
(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 
(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 
<EA) AM AZ BY KG KZ MD RU TJ TM 

Main International Patent Class: G06T-001/00 

Publication Language: English 

Filing Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 4373 
English Abstract 

A computer- implemented image processing method and apparatus for 
combining a plurality of gel electrophoresis images. The method includes 
the steps of fitting the gel electrophoresis pixel intensity values for a 
subject pixel to a mathematical function, computing from the mathematical 
function a pixel intensity value according to a predetermined rule, and 
inserting the pixel intensity value into the composite image. The 
apparatus includes an image capturing device, and a computer having a 
memory and communicating with the image capturing device, the computer 
capable of receiving and storing into the memory a plurality of gel 
electrophoresis images from the image capturing device, the computer 
being further. capable of fitting a plurality of intensity values of a 
pixel to a mathematical function over time and computing an optimal pixel 
intensity value for use in the composite image. 

French Abstract 

L' invention concerne un procede permettant de traiter une image mise en 
oeuvre par ordinateur et un appareil permettant de combiner plusieurs 
images d ' electrophorese sur gel. Le procede consiste a adapter les 
valeurs d'intensite de pixel d ' electrophorese sur gel pour un pixel sujet 
a une fonction mathematique, a calculer a partir de cette fonction 

. mathematique une valeur d'intensite de pixel selon une regie determinee, 
et a inserer la valeur d'intensite de pixel dans 1 ' image composite. 
L' appareil comprend un dispositif de saisie d" image, et un ordinateur 
pourvu d f une memoire communiquant avec ledit dispositif. L' ordinateur est 
en mesure de recevoir et de stocker dans sa memoire plusieurs images 
d' electrophorese sur gel a partir du dispositif de saisie d' image. Cet 
ordinateur est, en outre, capable d 1 adapter plusieurs valeurs d'intensite 
d'un pixel d'une fonction mathematique dans le temps, et de calculer une 
valeur d'intensite de pixel optimale pour une utilisation dans une image 
composite. 

Legal Status (Type, Date, Text) 

Publication 20010308 Al With international search report. 
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DEVICES FOR USE IN MALDI MASS SPECTROMETRY 

Inventor (s) : • 

ANDERSON N Leiqh, 1759 WillarH Qhrcof m r , u • 

GOODMAN Jack P 0 Box 1 ui ' Washington, DC 20009, US, 

vjwuuiiaw udtjt, f.u. box 103, 1415 Crab House Road Lusbv Mn ->c\an tto 
LENNON John, 18721 Capella Lane, Gaithersburg MD ' £ 

Legal Representative: ' b ' 

LONG AN ECKER Stacey (at al) (agent), Roylance, Abrams, Berdo * Goodman, 
L ; L 'Pw 1300 19th Street, N.W., Suite 600, Washington, DC 20036 US 

Patent and Priority Information (Country, Number, Date) ' 
f at f nt: . WO 200116574 Al 20010308 (WO 0116574) 

Application: WO 2000US23167 20000824 (PCT/WO US0023167) 

Priority Application: US 99151075 19990827 ' 

De lx g ™ te ri r?T*'^ ^ f.f (UtUity m ° del) AU AZ BA BB BG BR B * CA CH 
EE EE ,lu J s ^ ™ del) DE DE (utili ty model) DK DK (utility model) 

5 IS JP KE KG KP KR , H l" 'ft^ m ° del) ° B GD GE GH GM » HU ID IL 
My my ma »™ m ™ (utlllt y model) KZ LC LK LR LS LT LU LV MD MG MK MN 

£ 5 5! 55 £ RU SD SE SG SK SK (utility model) SL tj ™ « 5 5 

(BP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: G01N-001/10 - 
International Patent Class: G01N-035/10; B01L-01i/00 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 6361 
English Abstract 

^idlnf T 6 ^ P lt tB m) iS P rovided with a Plurality of holes (61) for 
guiding a pipette tip toward a sample plate (15) of a MALDI mass 

(5? iHrdf; f °H f th t h ° leS iS Pr ° Vided With a conical u PP er contour 
1 o , , 9U i thS P1 ? ette tip t0Ward 3 S P ecific location °n the 
of^i P Z ( ' • TW ° com P aiuon alignment plates are used in order to 
tfirtl nf°, Sepa f ate arra y s of sam Ples on the sample plate. For instance, 
r t ° f two alignment plates are used in order to overlay two separate 
r ^ * a ? pleS ° n the Sample P laCe - The first of two alignment plates 
" °™ d Wlt ? a * lrsC arra y of holes so that a first array is deposited 
onto the sample plate. The second of the two alignment places is formed 

» iJJ 6 « ray °J h0leS of sam P les is deposited on the sample plate 
allocations offset from the first array of samples already on the sample 

French Abstract 

Une plaque d'alignement (60) est dotee d'une pluralite de trous (61) de 
lllrrln d : une P° int e de pipette vers une plaque (15) a echantillons d'un 
spectrometre de masse MALDI (desorption-ionisation par impact laser 
assistee par matrice) . Chacun des trous presente un contour suDerieur 

spe'mauf 3 /'I 11 9UidSr 13 P ° inte dS 13 Pipette vers » em?Lcement 
specif ique sur la plaque (IS) d ■ echantillons . Deux plaques d'alignement 
complementaires sont utilisees pour recouvrir deux ?ese£ux separes 
des" dlTl ™;L S V a . PlaqUe d ' echantillons. Par exemple, une premiere 
SaSV T ! • f allgnement est utilisee pour recouvrir deux reseaux 
Diazes 1 S! ° nS SUr 13 Plaque Echantillons. La premiere des deux 
Plaques d.alignement est constituee d'un premier reseau de trous de 

s e "o?d! d"l U t Pre ^ er reseau soit depose sur la plaque d' echantillons. La 
"l!!!,!. fff^eux. plaques d'alignement presente un second reseau de trous 

- —.a-.-iij.ons cepose sur la plaque d ' echantillons a des emplacements 



decales du premier reseau d ' echantillons se trouvant deja sur la plaque 
d' echantillons . 

Legal Status (Type, Date, Text) 

Publication 20010308 Al With international search report. 
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00776993 

MICROARRAYS AND THEIR MANUFACTURE 
BIOPUCES 

Patent Applicant/Assignee: 

LARGE SCALE PROTEOMICS CORP , 9620 Medical Center Drive, Rockville, MD 
20850, US, US (Residence), US (Nationality 
Inventor (s) : 

ANDERSON Norman G, 10916 Wickshire Way, Rockville, MD 20852, US 
ANDERSON N Leigh, 1759 Willard Street, N.W., Washington, DC 20009, US 
BRAATZ James A, 4510 Yates Road, Beltsville, MD 20705, US 

Legal Representative: 

NAKAMURA Dean, Roylance, Abrams, Berdo & Goodman, LLP, Suite 600, 1300 
19th Street, N.W., Washington, DC 20036, US 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200109607 Al 20010208 (WO 0109607) 

Application: WO 2000US20695 20000728 (PCT/WO US0020695) 

Priority Application: US 99146653 19990730; US 2000482460 20000113 

Designated States: AE AG AL AM AT AT (utility model) AU AZ BA BB BG BR BY 
BZ CA CH CN CR CU CZ CZ (utility model) DE DE (utility model) DK DK 
(utility model) DM DZ EE EE (utility model) ES FI FI (utility model) GB 
GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KR (utility model) KZ LC LK 
LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU SD SE SG SI SK 
SK (utility model) SL TJ TM TR TT TZ UA UG UZ VN YU ZA ZW 
(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 
(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 
(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 
(EA) AM AZ BY KG KZ MD RU TJ TM 

Main International Patent Class: G01N-033/543 

International Patent Class: G01N-033/551 ; G01N-033/552 ; G01N- 033/566 ; 

G01N-033/53 ; . G01N-033/567 ; C12M-001/34; C12M-003/00 
Publication Language: English 
Filing Language: English 
•Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 23265 
English Abstract 

The instant invention relates to micro arrays containing bioreactive 
molecules, uses thereby, and methods for manufacture thereof. The arrays 
are constructed by sectioning bundles of tubules or rods, each containing 
unique reactants to produce large numbers of identical arrays. 
French Abstract 

L' invention concerne des puces contenant des molecules bioreactives , 
ainsi que les utilisations et les procedes de production de ces biopuces. 
On produit ces puces par sectionnement d ' assemblages de tubules ou de 
tiges dont chacune contient un reactif distinct, de maniere a produire de 
grandes quantites de puces identiques. 
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Publication 20pi0208 Al With international search report. 
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00784060 

METHODS FOR ENCODING AND SORTING IN VITRO TRANSLATED PROTEINS 
METHODES DE CODAGE ET DE TRI DE PROTEINES TRADTTITES IN VITRO 

Patent Applicant/Assignee: 

PHYLOS INC, 128 Spring Street, Lexington, MA 02421, US, US (Residence) 
US (Nationality 
Inventor (s) : 
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LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU SD SE SG 

SI SK SL TJ TM TR TT TZ UA UG UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: -C12P-021/06 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 8447 
English Abstract 

Described herein are methods and reagents for encoding and sorting in 
vitro translated proteins. 

French Abstract 

Methodes et reactifs destines a coder et a trier des proteines traduites 
in vitro. 

Legal Status (Type, Date, Text) 

Publication 20010308 Al With international search report. 
Publication 20010308 Al With amended claims. 
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PEPTIDE ACCEPTOR LIGATION METHODS 

METHODS S DE LIGATURE D'UN ACCEPTEUR DE PEPTIDE 

Patent Applicant/Assignee: 

PHYLOS INC, 128 Spring Street, Lexington, MA 02421, US, US (Residence), 
US (Nationality 
Inventor (s) : 

KURZ Markus, 62 Kensington Street, West Newton, MA 02460, US 
LOHSE Peter, 50 Golden Ball Road, Weston, MA 02493, US 
WAGNER Richard, 1007 Lowell Road, Concord, MA 01742, US 
Legal Representative: 

ELBING Karen L, Clark & Elbing LLP, 176 Federal Street, Boston, MA 
02110-2214, US 

Patent and Priority Information (Country, Number, Date) : 

Patent: ' WO 200107657 Al 20010201 (WO 0107657) 

Application: WO 2000US19653 20000719 (PCT/WO US0019653) 

Priority Application: US 99145834 19990727 

Designated States: AE AG AL AM AT AU A2 BA BB BG BR BY BZ CA CH CN CR CU CZ 
DE DK DM DZ EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ 
LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU SD SE SG 
SI SK SL TJ TM TR TT TZ UA UG UZ VN YU ZA ZW 
(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 
(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 
(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 
(EA) AM AZ BY KG KZ MD RU TJ TM 

Main International Patent Class: C12Q-001/68 

International Patent Class: C12P-021/06; C12P-019/34 

Publication Language: English 

Filing Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 10660 
English Abstract 

Described herein are methods and reagents for the ligation of a peptide 
acceptor to an RNA, as well as the RNA-peptide acceptor products. 

French Abstract 

L' invention concerne des methodes et des reactifs destines a fixer un 
accepteur de peptide a un ARN, ainsi que les produits accepteur de 
peptide - ARK ainsi obtenus . 
Legal Status (Type, Date, Text) 

Publication 20010201 Al With international search report. 
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C- TERMINAL PROTEIN TAGGING 
MARQUAGE DE PROTEINES C-TERMINALES 

Patent Applicant/Assignee: 

PHYLOS INC, 128 Spring Street, Lexington, MA 02421, US, US (Residence), 
US (Nationality 
Inventor (s) : 

. LOHSE Peter, 50 Golden Ball Road, Weston, MA 02493, US, 

MCPHERSON Michael, 142 Butler Avenue, Providence, RI 02 906, US, 
- KUIMELIS Robert G, 21 Malbert Road, Brighton, MA 02135, US, 
Legal Representative: 

ELBING Karen L (agent), Clark & Elbing LLP, 176 Federal Street, Boston, 
MA 02110-2214, US, 
Patent and Priority Information (Country, Number, Date) : 
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Priority Application: US 99143339 19990712 
Designated States: AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CR CU CZ 

DE DK DM DZ EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ 

LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU SD SE SG 

SI SK SL TJ TM TR TT TZ UA UG UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: C12Q-001/68 
International Patent Class: C12N-015/00 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 4576 
English Abstract 

In general, the invention features proteins having covalently bonded 
C- terminal puromycin tags and methods for their production. 

French Abstract 

L' invention concerne, de maniere generale, des proteines ayant des 
etiquettes, de puromycine C-terminale liees par covalence ainsi que leurs 
procedes de production. 
Legal Status (Type, Date, Text) 

Publication 20010118 A2 Without international search report and to be 

republished upon receipt of that report. 
Search Rpt 20010405 Late publication of international search report 
Republication 20010405 A3 With international search report. 
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METHODS FOR PRODUCING 5 1 -NUCLEIC ACID -PROTEIN CONJUGATES 

PROCEDES DE PRODUCTION DE CONJUGATS DE 5 1 -ACIDE NUCLEIQUE - PROTEINE 

Patent Applicant/Assignee: 

PHYLOS INC, 128 Spring Street, Lexington, MA 02421, US, US (Residence) 
US (Nationality 
Inventor (s) : 

LOHSE Peter, 50 Golden Ball Road, Weston, MA 02493, US 
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ELBING Karen L, Clark & Elbing, LLP, 176 Federal Street, Boston, MA 
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Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200072869 Al 20001207 (WO 0072869) 

Application: WO 2000US15077 20000601 (PCT/WO US0015077) 

Priority Application: US 99137032 19990601 
Designated States: AE AG AL AM AT AU AZ BA BB BG BR BY CA CH CN CR CU CZ DE 
. DK DM DZ EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC 
LK LR LS LT LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK 
SL TJ TM TR TT TZ UA UG UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: A61K-038/16 
International Patent Class: A61K-036/03; C07K-014/00 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 



Fulltext Word Count: 5572 



English Abstract 

Disclosed herein is a method for generating a 5' -nucleic acid-protein 
conjugate, the method involving: (a) providing a nucleic acid which 
carries a reactive group at its 5' end; (b) providing a non-derivatized 
protein; and (c) contacting the nucleic acid and the protein under 
conditions which allow the reactive group to react with the N-terminus of 
the protein, thereby forming a 5 ' -nucleic acid-protein conjugate. Also 
disclosed herein are 5 1 -nucleic acid-protein conjugates and methods for 
their use. 

French Abstract 

L' invention a pour objet un procede pour generer un conjugat de 5'-acide 
nucleique-proteine. Ce procede consiste a (a) fournir un acide nucleique 
qui supporte un groupe reactif au niveau de son extremite 5'; (b) fournir 
une proteine non derivee, et (c) mettre en contact 1' acide nucleique et 
la proteine dans des conditions qui permettent au groupe reactif de 
reagir avec la terminaison N de la proteine pour former ainsi un conjugat 
5« -acide nucleique-proteine. L'invention traite egalement de conjugats de 
5* -acide nucleique-proteine, et de procedes d ' utilisation de ces 
derniers. 

Legal Status (Type, Date, Text) 

Publication 20001207 Al With international search report. 
Examination 20010412 Request for preliminary examination prior to end of 

19th month from priority date 
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00721942 

PROTEIN SCAFFOLDS FOR ANTIBODY MIMICS AND OTHER BINDING PROTEINS 
E CHAFF AUDAGES DE PROTEINES POUR DES MIMES D'ANTICORPS ET AUTRE S PROTEINES 
DE LIAISON 

Patent Applicant/Assignee: 

PHYLOS INC, 128 Spring Street, Lexington, MA 02421, US, US (Residence), 
US (Nationality 
Inventor (s) : 

LIPOVSEK Dasa, 45 Sunset Road, Cambridge, MA 02138, US 
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ELBING Karen, Clark & Elbing LLP, 176 Federal Street, Boston, MA 
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Patent and Priority Information (Country, Number, Date) : 
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Designated States: AE AL AM AT AU AZ BA BB BG BR BY CA CH CN CR CU CZ DE DK 
DM EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR 
LS LT LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ 
TM TR TT TZ UA UG UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: G01N-033/536 
International Patent Class: C07K-014/00; C12N-015/00 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 8786 
English Abstract 

Disclosed herein are proteins that include a f ibronect in type III domain 
.-.a vine at least one randomized loop. Also disclosed herein are nucleic 



French Abstract 

ab^e'Sne^T^; III co^cant^ » * 

L 1 invention concede egaleSt a" .Sd^"' T b ° UCle a l^toire. 
proteines, ainsi que 1'utiHsatS Sf nuclei ^s codant ces 

developpement de nouvelles especes de li^nn^" 63 danS des Rhodes de 
ligands. "peces ae liaison de composes, et leurs 

Legal Status (Type, Date, Text) 

Publication 20000615 ai t«Mt-fc 

Publication 20000615 Al BefLe thff 10031 • " earch rS P° rt - 

3 Ai eetore the expiration of the time n„^ * 

amending the claims and to be repubHsied ifth 

— — 1~ -S- =S£ of 



Correction 
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Inventor (s) 



JSSfM^v"' 50 G ° lden Bal1 Road < Weston, MA 02493 m 
Legal Representative ^ Concord ' MA 01742, US, 

E ™2Uo!22H, (a ? S e ? t) ' Clark & Elbi ^ LLP, i76 Federal ^ 
Patent and Priority Information (Country, Number, Date) : 

Application: J Sf" " """"a (WO 0032823, . 

Priority Application: £ ^™ *»»8472) 

DNTEE^ES « S'i^^» M « « >Y CA CH C N CR CU CZ DE DK 

AP GH GM KE LS MW SD SL SZ TZ UG ZW 
(EAJ AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: C12O-0Oi/ fiH 

"SESSS *"* CU8S! c^H-n/o., „„.„„„, 

Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 6983 
English Abstract 

French Abstract 



--e^ concerns ur. precede permettan: de rr.arquer des 



proteines de 



mamere covalente, ainsi que leurs sequences de codage d ' ADN (voir 
figure) . Ces fusions de proteines-ADN peuvent etre utilisees dan« H« 
techniques d' evolution et de reconnaissance moUculaire 



Legal Status 

Publication 

Publication 



Examination 
Correction 

Republication 



(Type, Date, Text) 

20000608 Al With international search report 

20000608 Al Before the expiration of the^ime limit for 

amending the claims and to be republished in the 
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20001130 Request for preliminary examination prior to end of 

i9tn month from priority date 
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drawings, replaced by new pages 1/20-20/20; due' to 
transmittal by the receiving Office 
20010329 Al With international search report. 
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SYNTHESIS OP CODON RANDOMIZED NUCLEIC ACIDS 

STO^i^SE?" FONDEE SOU UNE GENERATION ALEATOIRE OE CO.ONS 

Inve^or(s? NC ' PHYL ° S ' ^ ' 128 Spring Str6et ' ^-"gton, MA 02421 , US 

£J?St tcT: L ° H o E ' PSter ' 50 Golden Bal1 Road < Weston, MA 02493 US 
0213! [ , Ss °' KUIMELIS ' Robert - O- . 21 Malbert Road, Brighton, MA 

Patent and Priority Information (Country, Number, Date) • 

f' at f nt: wo 0018778 Al 20000406 (WO 200018778) 

Application: WO 99US22436 19990928 (PCT/WO US9922436) 

Priority Application: US 98102299 19980929 

ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK rp iq it 

l» S S 5 vf m m m N ° NZ PL PT R ° RU SD SE S X SK SL TJ TM TO g 
UA UG UZ VN YU ZA ZW GH GM KE LS MW SD SL SZ TZ UG ZW AM AZ BY S mh 

S S CM ?I S 2 CY DE ° K ES " FR GB GR IE " S MC ^ J? SE BF BJ g 
CG CI CM GA GN GW ML MR NE SN TD TG 

Main International Patent Class: C07H-001/00- 

Puh?^ 10 ™; 1 ClaSS: C07H -001/02; C07C-255/11; C07C-255/49; 

Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 13499 
English Abstract 

inches til ftenr^ n9 , a . SeleCt ! d SSt ° £ COdons is disclosed; the method 
includes the steps of: (a) providing a first set of mononucleosides 
mononucleotides, dinucleotides , or mixture thereof, where a subset A of 

32 fi"t lit 11 or^r^H Wit !! 3 P rotectin 9 9- u P and a subset B of 
cne tirst set is protected with a protecting group B ' where A ' and B 1 

aro U n^ T nal P^ otectin 9 ^oups; (b) seleccively^emovlng the protecting 
group A' from subset A; (c) coupling the products of step (b) with a 

mtx?u?e S tLrfor n0 H UCle °^ ideS ' nucleotides, dinucleocides, or a 

V ootionfnf thS S6COnd SSt iS Protected with protecting group 

(c)' • fe) ootionan v rem ° V i ng P r ° teCtin9 9r ° up A ' from the Products -of step 
icj. (e optionally coupling the products of step (d) with a third set of 

mononucleosides where the third set is protected with protecting group 

' ; f) selectively removing the protecting group B 1 from subset B- (a) 

mSuc^eotidL^d" 5 ?' (f> With * ^ * £t ° f -nonucteosid £ 

" h dinucleotides, or a mixture thereof, where the fourth 

It-id ff° tec ^ ed Wlth Protecting group A ' or protecting group B ' ; (h) 
» "and f tlV6ly rS T? Vin9 Protecting group B- f ro^the^roducts of 

(9) ' a " d U > optionally coupling the products of steo (h) with a 
----- set o. mononucleosides. to yield a selected set of codons . 



French Abstract 

L'invention se rapporte a un procede de qeneraH™ 
selectionne de codons. Ce procede consiste • ensemble 

ensemble constitue de mononucleotides 2 J } , * utlllser un P rei "ier 
d'un melange de ceux-ci ledit 2; "» non «=leotides f dinucleotides ou 
ensemble A 9 protege J.^S^^S^\r W " t ^ ^ 
protege par un groupe protected £■ A ' etV ecLt^; 6 ^ 16 B 
protecteurs orthogonaux; (b) a extraire seW ? ? groupes 

protecteur A' du lous -ensemble i; couoJer ^ ?™T 

(b) a un second ensemble const!?, h- ! Coupl f r les Produits de l'etape 
dinucleotides ou ^uf^ngf de ceS-ci Z Second mo ~ leoti <^ 
protege par le groupe protecteur A- * t d ensemble eC *nt 

groupe protected A? del prodSts de itlpe c'^^errco" 61 ^" 16 ^ 15 
eventuellement les produits de ia\ coupler 

mononucleosides qui est eroteae oar ?! i!' 3 troisieme ensemble de 
extraire «p WiSliLf par le 9rou P e Protecteur A'; (f) a 



mononucleosides mononucleoM £«, 1 • ? ^atneme ensemble constitue de 
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Patent Applicant/Assignee: 
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ADDllC.tion^ !S ° 0< " 7 " " 20 »«»224 (HO 200009737) 
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Main International Patent Class: C12P-019/34- 
International Patent Class: C12N-015/00- 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 83 72 
. English Abstract 

French .Abstract 

^ ,1 ^f".^ C ;5L d ! B m f hodes . d ' elimination des regions non traduites 
— ?.!,:°i::- xe M'^ N «*aplementaire ou messager, ainsi cue des 

de ces produits pour former une fusion " 



ARN-proteine . 



Legal Status (Type, Date, Text) 

Examination 20000602 Request for preliminary examination prior to end of 

19th month from priority date 
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IDENTIFICATION OF COMPOUND -PROTEIN INTERACTIONS USING LIBRARIES OF 

PROTEIN-NUCLEIC ACID FUSION MOLECULES 
IDENTIFICATION D 1 INTERACTIONS COMPOSE -PROTEINS AU MOYEN DE BANQUES DE 

MOLECULES DE FUSION PROTEINS- ACIDE NUCLEIQUE 

Patent Applicant/Assignee: 

PHYLOS INC, PHYLOS, INC. , 128 Spring Street, Lexington, MA 02421 , US 
Inventor (s) : 

LOHSE Peter, LOHSE, Peter , 28 Skahan Road, Belmont, MA 02178 , US 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 0009464 Al 20000224 (WO 200009464) 

Application: WO 99US18600 19990816 (PCT/WO US9918600) 

Priority Application: US 9896820 19980817 

Designated States: AE AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE 
ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT 
LU LV MD MG MK MN MW MX NO NZ PL PT RO RU SD SE' SG SI SK SL TJ TM TR TT 
UA UG UZ VN YU ZA ZW GH GM KE LS MW SD SL SZ UG ZW AM AZ BY KG KZ MD RU 
TJ TM AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG 
CI CM GA GN GW ML MR NE SN TD TG 

Main International Patent Class: C07B-061/00; 

International Patent Class: C07K-001/04; C12Q-001/68 ; G01N-033/543 ; 

G01N-033/551; G01N-033/552 ; G01N- 03 3/544 ; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 4557 

English Abstract 

Disclosed herein is a method for detecting a compound-protein 
interaction, involving: (a) providing a compound library in which each 
member of the compound library is immobilized on a solid support; (b) 
contacting each member of the immobilized compound library in a single 
reaction chamber with each member of a protein-nucleic acid fusion 
library under conditions which allow the formation of compound- fusion 
complexes; (c) isolating the immobilized compound- fusion complexes; and 
(d) detecting a compound -fusion complex as an indication that the protein 
of the fusion interacts with the compound. In preferred embodiments, the 
protein is identified by reading the nucleic acid portion of the fusion, 
and the compound is identified by reading a detectable tag bound to 
either the compound or the solid support. 

French Abstract 

L' invention concerne une methode de detection d'.une interaction 
compose-proteine consistant: (a) a prendre une banque de composes dans 
laquelle chaque element de la banque de composes est immobilise sur un 
support solide; (b) a mettre en contact chaque element de la banque de 
composes immobilises, dans une chambre de reaction .unique, avec chaque 
element d'une banque de fusion proteine-acide nucleique dans des 
conditions favorisant la formation de complexes compose -produit de 
fusion; (c) a isoler les complexes compose immobilises -produit de fusion; 
et (d) a detecter un complexe compose -produit de fusion indiquant 
1 1 interaction de la proteine de la fusion avec le compose. Dans des modes 
de realisation preferes', on identifie la proteine en mesurant la partie 
d'acide nucleique de la fusion et on identifie le compose en mesurant un 
marqueur detectable lie au compose ou au support solide. 



Examination 20000608 Request for preliminary examination prior to end of 

19th month from priority date 

Correction 20000928 Corrected version of Pamphlet: pages 1/4-4/4, 

drawings, replaced by new pages 1/4-4/4; due to late 
transmittal by the receiving Office 
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METHODS FOR GENERATING HIGHLY DIVERSE LIBRARIES 

PROCEDES SERVANT A GENERER DES BANQUES EXTREMEMENT DIVERSIFIEES 

Patent Applicant/Assignee: 

PHYLOS INC, PHYL0S, INC. , 128 Spring Street, Lexington, MA 02421 , US 
Inventor (s) : 

WAGNER Richard, WAGNER, Richard , 1007 Lowell Road, Concord, MA 01742 , 
US 

WRIGHT Martin C, WRIGHT, Martin, C. , 812 Memorial Drive &1105, 

Cambridge, MA 02139 , US 
KREIDER Brent, KREIDER, Brent , 4 Davis Road, Bedford, MA 01730 , US 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 0000632 Al 20000106 (WO 200000632) 

Application: WO 99US14776 19990629 (PCT/WO US9914776) 

Priority Application: US 9890970 19980629 
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LU LV MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT 
UA UG UZ VN YU ZA ZW GH GM KE LS MW SD SL SZ UG ZW AM AZ BY KG KZ MD RU 
TJ TM AT BE- CH CY DE DK~ ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG 
CI CM GA GN GW ML MR NE SN TD TG 

Main International Patent Class: C12P-021/06 ; 

International Patent Class: C12P-019/34 ; -C12N-015/74 ; 

Publication Language: English 

Filing Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count:. 6121 
English Abstract 

Disclosed herein is a method for generating a nucleic acid library, the 
method involving: (a) providing a population of single- stranded nucleic 
acid templates, each of the templates including a coding sequence and an 
operably linked promoter sequence; (b) hybridizing to the population of 
single-stranded nucleic acid templates a mixture of substantially 
complementary single-stranded nucleic acid fragments, the fragments being 
shorter in length than the nucleic acid template; (c) contacting each of 
the hybridization products of step (b) with both a DNA polymerase which 
lacks strand displacement activity and a DNA ligase under conditions in 
which the fragments act as primers for the completion of a second nucleic 
acid strand which is substantially complementary to the nucleic acid 
template; and (d) contacting the products of step (c) with RNA polymerase 
to generate an RNA library, the library being transcribed from the second 
nucleic acid strand. 

French Abstract 

L' invention concerne un procede servant a generer une banque d'acides 
nucleiques et consistant a (a) mettre en application une population de 
gabarits d'acides nucleiques monocatenaires dont chacun comprend une 
sequence de codage et une sequence promoteur presentant une liaison 
operationnelle ; (b) hybrider a cette population de gabarits d'acides 
nucleiques monocatenaires un melange de fragments d'acides nucleiques 
monocatenaires pratiquement complementaires et dont la longueur est 
inferieure a celle du gabarit d'acide nucleique ; (c) mettre en contact 
chacun des produits d ' hybridation de l'etape (b) avec a la fois une ADN 
polymerase a laquelle manque une activite de deplacement de brin et une 
ADN Iigase dans des conditions dans lesquel les ces fragments jouent un 



role d' amorces afin d'obtenir un deuxieme brin d'acide nucleique 
pratiquement complementaire du gabarit d'acide nucleique ; (d) mettre en 
contact les produits de I'etape (c) avec une ARN polymerase afin de 
generer une banque d 1 ARN transcrite depuis le deuxieme brin d'acide 
nucleique. 

(Type, Date, Text) 

20000608 Request for preliminary examination prior to end of 

19th month from priority date 
20001026 Corrected version of Pamphlet: pages 1/2-2/2, 

drawings, replaced by new pages 1/2-2/2; due to late 
transmittal by the receiving Office 
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ADDRESSABLE PROTEIN ARRAYS 
SYSTEMES DE PROTEINES ADRES SABLES 

Patent Applicant/Assignee: 

PHYLOS INC, PHYLOS, INC. , 128 Spring Street, Lexington, MA 02421 US 
Inventor(s) : 

KUIMELIS Robert G, KUIMELIS, Robert, G. , 21 Malbert Road, Brighton, MA 
02135 , US 

WAGNER Richard, WAGNER, Richard , 1007 Lowell Road, Concord, MA 01742 , 

us 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9951773 Al 19991014 

Application: WO 99US7203 19990331 (PCT/WO US9907203) 

Priority Application: US 9880686 19980403 
Designated States: AL AM AT AU A2 BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT LU 
LV MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA 
UG UZ VN YU ZA 2W GH GM ^ LS m SD SL sz UQ ^ m AZ By KQ KZ MQ Ru tj 

-TM AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI 

CM GA GN GW ML MR NE SN TD TG 
Main International Patent Class: C12Q-001/68; 

International Patent Class: C12P-019/34; C07H-021/02; C07H-021/04- 
Publication Language: .English. ' 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 10059 
English Abstract 

Disclosed herein are arrays of nucleic acid-protein fusions which are 
immobilized to a solid surface through capture probes which include a 
non-nucleosidic spacer group and an oligonucleotide sequence to which the 
fusion (such as an RNA-protein fusion) is bound. Also disclosed herein 
are solid supports on which these arrays are immobilized as well as 
methods for their preparation and use (for example, for screening for 
protein-compound interactions such as protein- therapeutic compound 
interactions) 

French Abstract 

On decrit des systemes fusionnes d'acides nucleiques et de proteines 
immobilises sur une surface solide a travers des sondes de capture 
mcluant un groupe espaceur non nucleotidique, et une sequence 
oligonucleotidique a laquelle la fusion (fusion ARN-proteine , par 
exemple) est liee. On decrit egalement des supports solides sur lesquels 
ces systemes sont immobilises, ainsi que des methodes concernant leur 
preparation et utilisation (par exemple, pour un criblage destine a 
deciencher des interactions proteine-compose, telles que des interactions 
a' une proteine et d 1 un compose therapeut ique) . 
?e pa=packard biosciences 
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00773597 

DERIVATIVE NUCLEIC ACIDS AND USES THEREOF 

ACIDES NUCLEI QUE S MODIFIES ET UTILISATIONS ASSOCIEES ' 

Patent Applicant/Assignee: 

PACKARD BIOSCIENCE COMPANY , 800 Research Parkway, Meriden CT 

0645,0-7169, US, US (Residence), US (Nationality), (For all desiqnated 
states except: US * 
Patent Applicant/Inventor: 

ENGLERT David F, 27 Rosedale Road, West Hartford, CT 06107, US, US 
(Residence), US (Nationality), (Designated only for: US) 
Legal Representative: 

MY 02110-2804 S 'uS iSh & RiGhardson P - C " 225 Franklin Street, Boston, MA 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200106012 Al 20010125 (WO 0106012) 

Application: WO 2000US19176 20000714 (PCT/WO US0019176) 

Priority Application: US 99143804 19990714 
Designated States: AE AL AM AT AU AZ BA BB BG BR BY CA CH CN CR CU CZ DE DK 

DM EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR 

LS LT LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ 

TM TR TT TZ UA UG US UZ VN YU ZA ZW 

'EP> AT 3E CH CY DE DK ES FI FR GB GR IS IT LU MC NL PT SE 

' * 5J C? CG CI CM GA GN GW ML MR NE SN ID TG 



(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: C12Q-001/68 
International Patent Class: C12P-019/34 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 26385 
English Abstract 

The invention features a method for multiplexed analysis of a plurality 
of target nucleic acid sequences in a sample. The method provides a 
derivative nucleic acid for each target sequence analyzed and present ii 
the sample. 

French Abstract 

L» invention concerne un procede d"' analyse simultanee, dans un 
echantillon, de plusieurs sequences d'acides nucleiques cibles. Ce 
procede concerne un acide nucleique modifie, destine a chaque sequence 
cible analysee. et presente dans 1 1 echantillon. 

Legal Status (Type, Date, Text) 

Publication 20010125 Al With international search report. 
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00744622 

CONTINUOUS POROUS MATRIX ARRAYS 
RESEAUX MATRICIELS POREUX ET CONTINUS 

Patent Applicant/Assignee: 

PACKARD BIOSCIENCE COMPANY , 800 Research Parkway, Meriden, CT 06450, US 
^ US (Residence), US (Nationality), {For all designated states except: 

Patent Applicant/Inventor: 

ENGLERT David -F, 27 Rosedale Road, West Hartford, CT 06107, US, US 

(Residence), US (Nationality), (Designated only for: US) 
NALLUR Girish N, 1 Marilyns Lane, Guilford, CT 06437, US, US (Residence), 

US (Nationality), (Designated only for: US) 
HERBERT Alicia, 30 Beldenwood Road, Simsbury, CT 06437, US, US 
(Residence), US (Nationality), (Designated only for: US) 
Legal Representative: 

MYERS P Louis, Fish & Richardson P.C., 225 Franklin Street, Boston, MA 
02110-2804, US 1 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200056934 Al 20000928 (WO 0056934) 

Application: WO 2000US7796 20000324 (PCT/WO US0007796) 

Priority Application: US 99125954 19990324 
Designated States: AE AG AL AM AT AU AZ BA BB BG BR BY CA CH CN CR CU CZ DE 
DK DM DZ EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC 
LK LR LS LT LU LV MA MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK 
- SL TJ TM TR TT TZ UA UG US UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 
(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 
. (AP) GH GM KE LS MW SD SL SZ TZ UG ZW 
(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: C12Q-001/68 
Publication Language: English 
Filing -Language : English ' 
Fulltext' Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 2 0198 



Arrays of polymers on a continuous porous matrix array and methods of 
making and using same are disclosed. 

French Abstract 

Cette invention concerne des reseaux de polymeres disposes sur un reseau 
matriciel poreux et contmu, ainsi que des procedes de fabrication et 
a' utilisation de ces reseaux. 

Legal Status (Type, Date, Text) 

Publication 20000928 Al With international search recort 
. Publication 20000928 Al Before the expiration of the\ime limit for 

amending the claims and to be republished in the 
event of the receipt of amendments. 
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00712279 

IMPROVED PASSIVE NEUTRON COINCIDENCE AND MULTIPLICITY COUNTING 
COMPTAGE PERPECTIONNE DES MULTIPLICITES/COINCIDENCES DE NEUTRONS 

Patent Applicant/Assignee: 

PACKARD BIOSCIENCE COMPANY , PACKARD BIOSCIENCE COMPANY, 800 Research 
Parkway, Meriden, CT 06450, US 
Inventor (s) : 

MCELROY Robert D Jr, MCELROY, Robert, D., Jr., 9 Blue Meadow Road, 

Middletown, CT 06457, US 
VILLANI Marcel F, VILLANI, Marcel, F. , 68 Victoria Boulevard, New 
Brittam, CT 06052, US 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 0025148 A2 20000504 (WO 200025148) 

Application: WO 99US16956 19990727 (PCT/WO US9916956) 

Priority Application: US 9894416 19980728 

Designated States: AE AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE 
ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT 
LU LV MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT 
UA UG, US UZ VN YU ZA ZW GH GM KE LS MW SD SL SZ UG ZW AM AZ BY KG KZ MD 
RU TJ TM AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF 
CG CI CM GA GN GW ML MR NE SN TD TG 

Main International Patent Class: G01T-000/,- 

Publication Language: English 

Filing Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 3371 
English Abstract 

In a preferred embodiment, a method of enhancing the neutron coincidence 
assay of low fissile mass samples, by combining assay precision 
improvement algorithms with novel background and matrix correction 
algorithms, to provide lower levels of detection with higher confidence 
that the reported results are not subject to biases resulting from 
environmental or sample matrix effects. 

French Abstract 

Dans un mode de realisation prefere, 1 1 invention concerne un procede 
d'accroissement de l'essai de coincidence de neutrons d' echantillons de 
masse a faible teneur en substance fissile, consistent a combiner des 
algorithmes de perf ectionnement de precision d'essai avec des algorithmes 
nouveaux de correction de matrice et de fond naturel de rayonnement, afin 
d obtenir des niveaux inferieurs de detection, en ayant la certitude que 
les resultats rapportes ne sont pas biaises par suite d'effets 
d'environnement ou de matrice d • echantillons . 

Legal Status (Type, Date, Text) 

Search Rpt 20000713 Late publication of international- search report 
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METHOD FOR DETECTING ATP 

METHODS DE DETECTION D 1 ADENOSINE -TRIPHOSPHATE (ATP) 

Patent Applicant/Assignee: 

"S^,? 1 ^™ 0 * BV ' PACKARD BIOSCIENCE B.V. , Ulgersmaweg 47, 
NL-9731 BK Groningen , NL 
Inventor (s) : 

VAN^LUNE Harry, VAN LUNE, Harry , Framaheerd is. NL-9737 NL Groningen , 

TER WIEL Jan, TER WIEL, Jan . Molenweg 47, NL-9919 AG Loppersum , NL 

Patent and Priority Information (Country, Number, Date) s 

^ ate ? t: WO 0018953 Al 20000406 (WO 200018953) 

Application: WO 99NL606 19990930 (PCT/WO NL9900606) 

Priority Application: NL 1010224 19980930 

Designated States: AE AL AM AT AU AZ BA BB BG BR BY CA CH CN CR CU CZ dp n* 
DM EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP L KZ^C LK LR 
LS LT LU LV MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ ™ 
TR TT TZ UA UG US UZ VN YU ZA ZW GH GM KE LS Z SD SL SZ TZ VG ZW S I" 

SE BF B 7 S S S ™ AT BE CH CY ° E ° K ES FI FR GB GR IE « W MC £ J? 
SE BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

Mam International Patent Class: C12Q-001/66 ; 

Publication Language: English 

Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 5179 
English Abstract 

Iht ™f rel f tes 1° a method detecting ATP in a sample, wherein 
the sample is contacted with a reaction mixture to effect a light signal 
J mi ^ure comprising luciferin, lucif erase and one or more 

water-soluble salts, the total salt concentration being at leat 0.05 
furthii ~i t "herein the light signal is measured. The invention 
further relates to a kit for use in this method. 

French Abstract 

l^ml^! 11 COncerne une m ethode de detection d ' ATP dans un prelevement, 
la methode consistant a mettre en contact le prelevement avec un melange 
™^° nn ^, po " r P rod "i« un signal lumineux, le melange reactionnel 

W de la luciferine, de la luciferase et un ou plusieurs sels 
!2 n ^ nS , e ,f U St la co °«ntration totale en sel s'elevant a au 
Tf"! °1 moles /litre; puis a mesurer le signal lumineux. L' invention 
concerne en outre une trousse destinee a s'utiliser avec cette methode. 

Legal Status (Type, Date, Text) 

Examination 20000615 Request for preliminary examination prior to end of 

19th month from priority date 
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00696925 

??t^5 NG CIRCLE " BA SED ANALYSIS OP POLYNUCLEOTIDE SEQUENCE 
ANALYSE PAR CERCLES ROULANTS D »UNE SEQUENCE POLYNUCLEOTIDIQUE 

Patent Applicant/Assignee: 

PACKARD BIOSCIENCE COMPANY , PACKARD BIOSCIENCE COMPANY 800 Research 
Parkway, Meriden, CT 06450 US Kesearcn 
Inventor (s) : 

WOODWARD Karen L, WOODWARD, Karen, L. , 3 Woodward Road, Columbia, CT 

KA 06£^l Gir rjf N ' NALLUR ' Girish ' N - • 599D Prospect Street, New Haven, CT 



"SSrlg: S^lV^s' APartment 2 " 9B ' 100 ^ Drive. . 

^Patlc^ Pri ° rity Info ^ ati ° n iC0mtr V- Numb «- Date) s 

;" S; Hnn W0 0009738 Al 20000224 (WO 200009738) 

Sricy^lication. 5 J.^T? "Jf?! 17 '^rSl'08, 
9810 6 Lo P ? 99 81i;?; •US S 9 8 1 0 68 85 19 ! '' ^ 98102535 1998093 °<- « 

Designated States: AE AL AM AT AU AZ ba br bp tn „„ „ 

DM EE ES FI GB GD GE GH GM HR HU ID n th tc td ° A ° H ° N CR CU CZ DE ™ 
LS LT LU LV MD MG MK MN MW MX NO Iz PL g g £ S^ 5 2 5 K2 LC LK LR 
TR TT UA UG US UZ VN YU ZA ZW CH cm » S, « SG SI SK SL TJ ™ 

KZ MD RU TJ TM AT BE CH CY Z DK ES S FP tb ? L 32 UG 2W *" AZ BY KG 
BJ CF CG CI CM GA GN GW £ £ £ g £ TG " " " LU M ° NL W SE BF 

Mam International Patent Class: C12P-019/34- 

CS^ ClaSS = ^N-015/00; C07H-021/00; C07H-021/02; 

Publication Language: English 

Filing Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 33384 
English Abstract 

Disclosed are methods of detecting a polynucleotide sequence. 
French Abstract 

SlSSSSiiSS: 1 ™ ^ Pr ° CedeS de detecti - sequence 

Legal Status (Type,. Date, Text) 

Correction 20000518 Corrected version of p amphle t: pa . ? es 1/12-12/12 

drawings, replaced by new pages 1/9-9/9 due to ate 
• . transmittal by the receivinn nfff™ 

Examination 20000615 Reauest for rZJiZ- 9 , 0fflce 

S 2nS f P relim T nar y examination prior to end of 
19th month from priority date 
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00675230 

DIGITAL PULSE DE- RANDOMIZATION FOR RADIATION SPEOTRO<?roDV 

SS-™"- -SVKSS2 » M v_ s 

Inventor (s) : 

JORDANOV Valentin T, JORDANOV Valentin T r „ J 

03824 , US vaientin T. , 12 Cutts Road, Durham, NH 

Pa patent nd Pri ° rity ^formation (Country, Number, Date) , 
" WO 9958999 Al 19991U8 

Pr&p n pl ication: SSS^oT 7 '-T/WO US9910010,. 
"Fi^lS « ffi^W^" " » « * « " « « » " HE ES 

TM AT BE CH CT S S ES FT fp rn S ™ SZ U ° ZW ^ ^ BY KG KZ MD RU TJ. 

CM GA GN GW £ 2r Se SN TD S " " " LU MC ^ W SE BF BJ CF « CI 
Main International Patent Class: GC1T-001/17- 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims _ 
Fulltext Word Count: 4525 



English Abstract 

In a preferred embodiment, a method of digitally de-randomizing pulses in 
a radiation spectroscopy system, the method including the steps of: 
receiving an input signal representative of a radiation detector output; 
•analyzing the input signal to derive separate event samples and 
background samples; storing the event samples and the background samples; 
and reading stored event samples and background samples and adjusting 
spacing in time between adjacent event samples such that the event 
samples are spaced apart a time interval at least equal to pulse 
processing time of elements receiving an output of spaced apart event 
samples and the background samples. 

French Abstract 

Selon un mode de realisation prefere, 1' invention concerne un procede de 
derandomisation numerique d' impulsions dans un systeme de spectroscopie . 
Ledit procede consiste a: recevoir un signal d'entree representatif d'une 
sortie de detecteur de rayonnements ; a analyser le signal d'entree pour 
en deduire des echantillons d'evenements et des echantillons de fond 
separes; a enregistrer les echantillons d'evenements et les echantillons 
de fond; et a lire les echantillons d'evenements et les echantillons de 
fond, enregistres et a ajuster 1 ■ espacement dans le temps entre des 
echantillons d'evenements adjacents de maniere que les echantillons 
d'evenements soient separes d'un intervalle de temps au moins egal aux 
temps de traitement d' impulsions des elements recevant une sortie 
d' echantillons d'evenements separes et les echantillons de fond. 
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00669498 

ANALYSIS OF POLYNUCLEOTIDE SEQUENCE 
ANALYSE DE SEQUENCE DE POLYNUCLEOTIDES 

Patent Applicant/Assignee: 

PACKARD BIOSCIENCE COMPANY , PACKARD BIOSCIENCE COMPANY , 800 Research 
Parkway, Meriden, CT 06450 , US 
Inventor (s) : 

TAYLOR Seth, TAYLOR, Seth , Apartment 2-9B, 100 Memorial Drive, 
Cambridge, MA 02142 , US 
Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9953102 Al 19991021 

Application: WO 99US8407 19990416 (PCT/WO US9908407) 

Priority Application: US 9882063 19980416; US 9884085 19980507 
Designated States: AU CA. JP AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL 
PT SE 

Main International Patent Class: C12Q-001/68; 

International Patent Class.: C12P-019/34; C07H-021/02; C07H-02i/04; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 14335 
English Abstract 

Disclosed are methods for detecting nucleic acids using rolling 
circle-based amplification and arrays of capture probes. 

French Abstract 

La presente invention concerne des procedes permettant de detecter des 
acides nucleiques mettant en oeuvre une amplification utilisant le 
principe des cercles roulants et des matrices de sondes de capture. 
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GEL PAD ARRAYS AND METHODS AND SYSTEMS FOR MAKING THEM 

ENSEMBLE DE MATRICES DE GEL ET SYSTEME DE FABRICATION DE TELS ENSEMBLES 

Patent Applicant/Assignee: 

PACKARD BIOSCIENCE COMPANY , PACKARD BIOSCIENCE COMPANY , 800 Research 
Parkway, Meriden, CT 06450 , US 
Inventor (s) : 

TAYLOR Seth, TAYLOR , Seth , Apartment 2-9B, 100 Memorial Drive, 

Cambridge, MA 02142 , US 
CROKER Kevin, CROKER, Kevin , 1271 Lilac Court, Cheshire, CT 06410 , US 
WEBER Shane Crawford, WEBER, Shane, Crawford , One Evergreen Drive/ 

Woodbridge, CT 06525 , US 
Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9936576 Al 19990722 

Application: WO 99US1170 19990120 (PCT/WO US9901170) 

Priority Application: US 9871980 19980120; US 9875698 19980121; US 
9872089 19980121 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT LU LV 
MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG 
US UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT 
BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA 
GN GW ML MR NE SN TD TG 

Main International Patent Class: C12Q-001/68; 

International Patent Class: C07H-021/00; 

Publication Language: English 

Filing Language: English 

Full text Availability: 
Detailed Description 
Claims 

Full text Word Count: 13125 
English Abstract . 

Gel pads and gel pad arrays, and methods for making and using them, are 
disclosed. The gel pads preferably comprise an intelligent gel. 

French Abstract 

La presente invention concerne des' matrices de gel et des ensembles de 
matrices de gel, les procedes de fabrication et leur utilisation. Les 
matrices de gel contiennent, de preference, un gel intelligent. 
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00647902 **Image available** 
MICROTITER PLATE WITH COATING 

PLAQUE DE MICROTITRAGE POURVUE D'UN REVETEMENT 

Patent Applicant/Assignee: 

PACKARD BIOSCIENCE BV , PACKARD BIOSCIENCE B.V. , Ulgersmaweg 47, 
NL-9731 BK Groningen , NL 
Inventor (s) : 

THOMSON James, THOMSON, James , 110 Steeplechase Drive, Newington, CT 
06111 , US 

TER WIEL Jan, TER WIEL, Jan , Molenweg 47, NL-9919 AG Loppersum , NL 
Patent and Priority Information {Country, Number, Date) : 
Patent: WO 9930823 Al 19990624 

Application: WO 98NL711 19981211 (PCT/WO NL9800711) 

Priority Application: NL 107781 19971212 
Designated States: JP US. AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT 
SE 

Main International Patent Class: B01L-003/00; 

International Patent Class: G01N-035/02; B05D-C07/24; B05D-003/14; 

C08F-002/00; C08J-007/04; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 



Claims 

Fulltext Word Count: 3614 



English Abstract 

The invention relates to a plastic microtiter plate provided with a 
coating which comprises a para-xylylene polymer, and to a method for 
applying such a coating to a plastic microtiter plate. The invention also 

i k^T ? UC V microtiter Plate in carrying out chemical, 
biochemical, biological, clinical or pharmaceutical analyses. 

French Abstract 

L ' invention concerne une plaque de microtitrage en plastique pourvue d'un 
revetement compose d'un polymere de para-xylylene, ainsi qu'un precede 
servant a appliquer ce revetement a une plaque de microtitrage en 
plastique. Elle concerne egalement 1 ' utilisation de cette plaque de 
microtitrage afin d'executer des analyses chimiques, biochimiques , 
• biologiques, cliniques ou pharmaceutiques . 
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00645386 

METHODS OF USING PROBES FOR ANALYZING POLYNUCLEOTIDE SEQUENCE 

PR0 P0L^CLE0TIDB SATI0N ^ S0NDES PERMETTANT D 1 ANALYSER UNE SEQUENCE DE 

Patent Applicant/Assignee:' 

PACKARD BIOSCIENCE COMPANY , PACKARD BIOSCIENCE COMPANY , 800 Research 
Parkway, Meriden, CT 06450 , US 
Inventor (s) : 
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English Abstract 

A method of detecting the presence of, or identifying, a genetic event 
comprising: providing a target nucleic acid having a genetic event; 
providing a plurality of nucleotide probes wherein each probe: (a) is 
complementary to a region immediately 5' to the site of the genetic event 

Pwl^° m ^f m u ntary t0 a region Mediately 3' to the site of the genetic 
event, (b) has an identification region, e.g., a 5' terminal region or a 
3 terminal region, which identification region is not repeated in 
another probe in the plurality, i.e.., it is unique in the plurality, and 
;! ^mplementary to the target sequence, and (c) wherein the nucleotide 
at the position corresponding to the site of the first genetic event can 
f cnosen f rom A, T, G or C, wherein the plurality of nucleotide probes 
: : Jae3 . a ^; st ? robe having a first base at the position corresDonding 
sice or tne genetic event and a second probe ha vine a second 



(i.e., different from the first base) hasp 

to the site of the r,B„^ ' at the Position corresponding 

to the site of the genetic event; contacting the tarqet with the 
plurality of probes under conditions wherein only pSbes havinq 
complementarity with the target nucleic acid win hybridize therebv 
analysing the target nucleic acid. nyDnaize, thereby 

French Abstract 

L' invention concerne un Drocede nermet-i-anh ^ - , 

evenement genetique ou de 1 'Identifier Ce t Jr^t P resence d ' Un 

dan „„ e , utt e , oade de u plurallce , c . est . a . al „ q J£ £J 
dans U pluralite ec compl.mentaite de la sequence cible St cl X 

LJe si srssL^r: de 
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Fulltext Word Count: 323 91 
English Abstract 

The present invention provides systems, methods, screens, reagents and 
kits for optical system analysis of cells to rapidly determine the 
distribution, environment, or activity of f luorescently labeled reporter 
molecules in cells for the purpose of screening large numbers of 
compounds for those that specifically affect the mitotic index of cells. 

French Abstract 

L' invention concerne des systemes, des techniques, des cribles, des 
reactifs, et des kits destines a 1 'analyse rfe cellules d'un systeme 
optique, afin de determiner rapidement la repartition, 1 • environnement , 
ou l'activite de molecules reporteurs marquees par fluorescence dans des 
cellules, et de cribler un grand nombre de composes qui affectent de 
maniere specif ique 1 ' indice mitotique desdites cellules. 
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French Abstract 

La presente invention concerne des systemes deq fiit-™* 
des kits pour !• analyse de cellules ~ cem op que q^per^c till de 
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Detailed Description" 

Claims 

Fulltext Word Count: 6699 
English Abstract 

A method and system for sharing validated experimental data (e.g cell 
experimental data). Raw experimental data is accepted and divided' into 
one or more raw data components using a modifiable data object model The 
modifiable data object model includes a small hierarchical structure that 
does not waste storage space and can be expanded by users. The modifiable 
data object model can be modified by a user to add raw experimental data 
for virtually any experiment conducted by a user. The raw experimental 
data is validated and if desired made available to other researchers via 
a publicly accessible server on a computer network (e.g., the Internet), 
.thereby allowing the validated experimental data to be shared by ~ 
researchers via the computer network. The publicly accessible server is 
associated with a knowledge repository for accumulating a body of 
knowledge for researchers in a particular field (e.g., cell biology) The 
raw experimental data can also be automatically validated with a 
pre-determined validation process to create validated experimental data 
The validated experimental data is made available immediately after 
validation on a publicly accessible server on a computer network. The 
present invention may also be used to further facilitate a user's 
understanding of biological functions, such as cell functions, to design 
experiments more intelligently and to analyze experimental results more 
thoroughly by making raw and validated experimental data immediately 
available via a computer network after input. Specifically, the present 
invention may help drug discovery scientists select better targets for 
pharmaceutical intervention in the hope of curing diseases. The method 
and system may also help facilitate the abstraction of knowledge from 
information for biological experimental data and provide new 
bioinf ormatic techniques. 

French Abstract 

La presente invention concerne un procede et un systeme de partage de 
donnees experimentales validees, telles que des donnees experimentales de 
biologie cellulaire. Ces donnees experimentales brutes sont prises en 
compte et divisees en une ou plusieurs composantes de donnees brutes par 
utilisation d'un modele modifiable d'objet de donnees. Ce modele 
modifiable d'objet de donnees comporte une petite structure hierarchique 
qui ne gaspille pas l'espace en memoire et qui peut etre developpee par 
les utilisateurs. Le modele modifiable d'objet de donnees peut etre 
modifie par un utilisateur de facon a ajouter des donnees experimentales 
brutes pour virtuellement toute experience menee par un utilisateur. La 
donnee experimental brute est validee, et si on le souhaite, elle est 
rendue disponible pour d'autres chercheurs via un serveur accessible de 
facon publique sur un reseau d ♦ ordinateurs tel que 1' Internet, ce qui 
-permet le partage entre chercheurs des donnees experimentales validees 
via le reseau d ' ordinateurs . Ce serveur accessible de facon publique est 
associe a un fond d'archivage de connaissances destine aux chercheurs 
d'-un domaine particulier tel que la biologie cellulaire. Les donnees 
experimentales brutes peuvent egalement etre automat iquement validees au 
rroyer. c : u n processus de validation prealablement defini, de facon a creer 



des donnees experimentales validees. Les donnees experimentales validees 
sont rendues dispombles immediatement apres validation sur un serveur 
, accessible de facon publique sur un reseau d'ordinateurs . La pres^te 
invention permet egalement une meilleure comprehension par les 
utilisateurs de fonctions biologiques telles que les fonctions 
cellulaires, de facon a concevoir de facon plus intelligente les 

co^l^r 5 ; " P ° U ^ ana ! ySer 163 resultat * experimental pL 
complement en rendant les donnees experimentales brutes et validees 
immediatement disponible via un reseau d'ordinateurs apres la saisie De 
facon plus specific^, la presente invention peut aider "schlrcheurs en 
pharmacie a mieux selectionner les cibles des intervention] CherCheurs en 
pharmaceutics dans avec 1'espoir de guerir des maladies. Le precede et 
le systeme peuvent egalement favoriser 1' extraction de donnees 
biologiques experimentales a partir des connaissances et procurer de 
nouvelles techniques de bioinformatique. procurer ae 
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(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 
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English Abstract 

The present invention describes methods and cassettes for cell-based 
toxin detection and organ localization. The cassettes includes an array 

i ni f 9 i ? nd a matrix -of openings or depressions, wherein each 
lltlT, ?™ 6 S ^ bstrate ^closed by the opening or depression in the 
matrix forms a domain individually addressable by microfluidic channels 



French Abstract 

L' invention concerne des methodes et des cassettes destinees a la 
localisation d'organes et a la detection de toxine sur la base de 
cellules. Ces cassettes comprennent un reseau contenant des cellules et 
une matrice constituee d'ouvertures ou de creux. Chaque region du 
substrat renfermee par une ouverture ou un creux de la matrice forme un 
domaine adressable individuellement par des canaux microf luidiques situes 
dans le dispositif. 
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English Abstract 

The present invention describes array for cell screening, and methods for 
making them, comprising a substrate with three dimensional hydrated 
polymer constructs in the reaction wells, wherein the hydrated polymer 
suspension comprises cell adhesion promoters and cells to be analyzed, 
and wherein the substrate further comprises inter-well spaces comprising 
one or more cell adhesion inhibitors. 

French Abstract 

La presente invention concerne un jeu ordonne de microechantillons 
destine au criblage cellulaire et son procede de fabrication, lequel jeu 
de microechantillons comprend un substrat muni de puits de reaction dans 
lesquels se trouvent des constructions de polymere hydrate en trois 
dimensions, la suspension de polymere hydrate comprenant des promoteurs 
c' adhesion cellulaire ez des cellules a analyser, et le substrat 



S^^TS/JuS" cellulaire dans 
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t lt Q9 c ° mp0unds that induce or inhib it macromolecule 
trafficking through the endosomal system, comprising treating cells that 
possess a uminescently- tagged macromolecule with a^est compound 
obtaining luminescent signals from the cells, converting the luminescent 

wnecher t^tLT^ th * ^ ital da ' a * SrminT 

whether the test compound has induced or inhibited macromolecule 
trafficking through the endosomal system. 

French Abstract 

La presente invention porte sur des procedes, sur support 

^ identifier USible Par Un ordinateur et ^s kits permettant 

identifier des composes qui induisent ou inhibent ie trafic de 
macromo.ecules dans le systeme endosomal. Ces procedes consistent a 
--a-tcr aver un compose de test des cellules ou: oosseden- .-ne 
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English Abstract 

Methods and system for general purpose analysis of imaqes acouireri fr ™ 
experimental data collected with automated feature-riSh hiah^thrlf hnl 
experimental data collection systems. A set of pre-decerm^neS general 
assay features is presented. An assay feature includes or mor"e 

the^Snt'al St? 3 ^ ^ * J 19 " -1 ^ographic im^ £qEEd fr0 m 
i!!, ? ? 1 data - The set °f pre -determined general assav feature? 
includes object features, aggregate features and general purpose "mage 

Hl o felture^Tset T ^ is ^ifthe 

features r™ ^ 8 ? fc of 13 processed using the desired assay 

p v de a a n!! 1 ?" 6 ' SSt ° f aSSay f "tares. The methods and system 
svstem llltl t h ? 1 pur ? ose assa y development tool. The methods and 
system allow a biologist, other scientist or lab technician not trains 
assa^toTT 31119 techniques to quickly and easily Sesxgn protocol and 
assays to analyze images acquired from experimental data (e.g cells) 
.he aetnoas and system may improve the identification, selection ' 



validation and screening of new drug compounds that have been applied to 
populations of cells. The methods and system may also be used to provide 
new bioinf ormatic techniques to manipulate experimental data including 
multiple digital photographic images. 

French Abstract 

L' invention concerne des procedes et un systeme pour analyser de maniere 
polyvalente des images acquises a.partir de donnees experimentales 
recueillies au moyen de systemes automatises de collecte de donnees 
experimentales presentant de nombreuses caracteristiques et a 
productivite elevee. L' invention porte egalement sur une serie de 
caracteristiques d' analyse generales predeterminees . Une caracteristique 
d' analyse comprend une ou plusieurs mesures pour un objet situe dans une 
image photographique numerisee obtenue au moyen des donnees 
experimentales. La serie de caracteristiques d' analyse generales 
predeterminees comprend les caracteristiques d' objet, d'agregat et de 
traitement d' images polyvalent. Une serie de caracteristiques d' analyse 
desirees est choisie parmi la serie de caracteristiques. Une serie 
d' images est traitee au moyen des caracteristiques d' analyse desirees 
choisies parmi la serie de caracteristiques d* analyse. Les procedes et le 
systeme permettent d'obtenir un outil polyvalent de mise au point 
d" analyses. Les procedes et le systeme permettent a un biologiste, a 
d'autres scientif iques ou laborantins non qualifies en matiere de 
techniques de traitement d' images de concevoir rapidement et facilement 
des protocoles et des analyses permettant d' analyser des images obtenues 
au moyen des donnees experimentales (par exemple, les cellules). Les 
procedes et le systeme peuvent ameliorer 1 ' identification, la selection, 
la validation et le criblage de nouveaux composes pharmaceut iques qui ont 
ete appliques a des populations de cellules. lis peuvent egalement 
fournir de nouvelles techniques bio-inf ormatiques pour manipuler des 
donnees experimentales, y compris de nombreuses images photographiques 
numerisees. 
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Detailed Description 

Claims 

Fulltext Word Count: 323 90 
English Abstract 

The present invention provides systems, methods, screens, and kits for 
optical system analysis of cells to rapidly determine the distribution, 
environment, or activity of luminescently labeled reporter molecules in 
cells for the purpose of screening large numbers of compounds for those 
that specifically affect particular biological functions. The invention 
involves providing cells containing luminescent reporter molecules in an 
array of locations and scanning numerous cells in each location with a 
luminescence optical system, converting the optical information into 
digital data, and utilizing the digital data to determine the 
distribution, environment or activity of the luminescently labeled 
reporter molecules in the cells. 

French Abstract 

La presente invention concerne des systemes, precedes, cribles, et 
trousses pour un systeme d' analyse optique des cellules afin de 
determiner rapidement la repartition, 1 • environnement , ou 1'activite de 
molecules rapporteuses marquees en luminescence dans des cellules en vue 
du criblage parmi un grand nombre de composes ceux qui presentent un 
effet particulier sur des fonctions biologiques. L 1 invention concerne 
egalement la production de cellules contenant des molecules rapporteuses 
luminescentes dans un reseau de sites et le balayage de nombreuses 
cellules dans chacun des sites au moyen d'un systeme optique luminescent, 
convertissant 1 1 information optique en donnees numeriques, et utilisant 
les donnees numeriques pour la determination de la repartition, 
1 ' environnement ou I'activite des molecules rapporteuses marquees en 
luminescence dans les cellules. 
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lialvSleacJioirin 0 / 11 arran 9 ement for evaluating fluorescence-based 

provided" 2th S a T 5 " ntainers in the "P^rd direction. Lid cover is 
doHhoLh ,S .! aSt ° n f ° penin9 f0r sam P le insertion. The cove£ it 
positioned above the sample containers, which are provided for thl 
insertion, and/or is only open during insertion pr ° Vlded for the 

French Abstract 

5?^ e i™ ention concerne un dispositif d- analyse de reactions 

I £S£ Jon t p ;L\ b ^arJS S dH: fT ■ 

fermer S^i! dlS P 0sltif est d <*e d'un couvercle amovible destine I 

v aui iC recipient a echantillons a remolir et/ou Pt-ant- nMUav . f 
seulement durant le processus de remplissage 

German Abstract 

Anordnung zur Auswertung von fluoreszenzbasierten Nachweisreaktion-n in 

nu r or:szenz 9 durc P h r0 d ben9 r faSSe ^/ 0bei dle unfSiSg 1 ^ " 

nhPn ! ? i ^ d6n Gefass b°den hindurch erfolgt und die Proben von 
oben emgebracht werden, wobei eine die Probengef asse nach oben 
abschliessende verstellbare Abdeckung vorgesehen ist die zur 

positiomert ist und/oder nur wahrend des Einfullvorgangs geoffnet ist. 
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English- Abstract 

The present invention describes novel methods for making a substrate for 
selective cell patterning, and the substrates themselves, wherein the 
method comprises contacting reactive hydroxyl groups on the surface of a 
substrate with a hydroxyl -reactive bifunctional molecule to form a 
monolayer, and using stencils to deposit cell repulsive or cell adhesive 
moieties in controlled locations on the cell culture substrate. Methods 
comprising selective differentiation of stem cells to create tissue 
specific and organ-specific cell substrates, as well as the cell 
substrates themselves are also provided. 

French Abstract 

La presente invention concerne de nouveaux procedes de fabrication de 
substrat pour une typification selective des cellules, et les substrats 
eux-memes, dans lesquels ledit procede comprend: la mise en contact de 
groupes hydroxyles reactifs a la surface d 1 un substrat avec une molecule 
bifonctionnelle reactive a 1'hydroxyle pour former une monocouche; et au 
moyen de pochoirs, depot des groupes fonctionnels de cellules de 
repulsion ou d' adhesion cellulaire dans des sites controles sur le 
substrat de culture cellulaire. L' invention concerne egalement des 
procedes comprenant la dif f erenciation selective de cellules 
embryonnaires pour creer des substrats cellulaires specifiques des tissus 
et specifiques des organes, ainsi que les substrats cellulaires 
eux-memes . 
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English Abstract 

The present invention provides sv*f«me ^ 

kits for optical system anaiysi o 1 ^ hods ' screens, reagents and 
distribution, envi^nmen? oractivitv If 5? raPldly dete ™ ine the , 
molecules in cells for the purpose of fluor€ «ly labeled reporter 
compounds for those that specSJcaUv fftT^ ^ nUmberS of 
functions. specirically affect particular biological 

French Abstract 

d1s P re e :c e SLlr d "j\ n it C n e a r na e iJ;: : y t St£meS ; d6S m6th0deS ' des 
determiner rapidement I diJtr bution Tl * CSllUleS ' qUi Patent de 
molecules rapporteurs a marSeur flZ'r. 1 en : ironr ™ ou l'activite de 
passer au crible un grand 22h£ " uorescent - L'objectif recherche est de 
eux qui ont une incidence SSjiJL IT?* 5°" localiser ceux d'entre 
particulieres. specif iqu e sur des fonctions biologiques 
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Claims 
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English Abstract 

A method and system for dynamic storage, retrieval and display of . 
experimental information with determined relationships. A graphical user 
interface is presented from which shapes arid arrows representing 
biological entities and transformations respectively, can be input and 
edited. Multidimensional information based on a pre-determined hierarchy 
is input to link the entities and transformations to additional 
information about the entities and transformations. Related information, 
if any, is input to link the entities and transformations to other 
information in plural external databases on a public network such as the 
Internet. Information associated with plural shapes connected with plural 
arrows is saved as a biological pathway with determined relationships in 
a database. The biological pathway defines a hierarchical representation 
of a biological function with determined relationships between entities 
and transformations. Biological pathway diagrams such as cell pathways 
with determined relationships may be dynamically input, edited and 
dynamically generated to represent biological functions, such as cellular 
functions, to enable a user to visually interact with identified 
dimensions of biological information. A user may dynamically navigate 
through identified dimensions of biological information to find out a 
relationship of a specific piece of biological information with other 
pieces of biological information. The method and system may help 
facilitate the abstraction of knowledge from information for biological 
pathways and provide new bioinf ormatic techniques. 

French Abstract 

L' invention concerne un procede et un systeme de stockage, de recherche 
et d'affichage dynamiques de donnees experimentales a relations 
determinees. Une interface utilisateur graphique est presentee, a partir 

■ de laquelle des formes et des fleches representant respect ivement des 
entites biologiques et des transformations, peuvent etre introduites ou 
modifiees. Des donnees multidimensionnelles basees sur une hierarchie t 
predeterminee sont introduites afin de relier les entites et les 

■ transformations aux donnees additionnelles relatives aux entites et aux 
transformations. Les donnees relatives, s'il en existe, sont introduites 
afin de relier les entites et les transformations a d'autres donnees de 
plusieurs bases de donnees exterieures sur un reseau public, tel 

qu ' Internet. Les donnees associees a diverses formes reliees avec 
plusieurs fleches sont sauvegardees dans une base de donnees en tant que 
voie bioiocique comport ant des relations determinees. La voie biologique 



definit une representation hierarchique d'une fonction biologique 
comportant des relations determinees entre les entites et les 
transformations. Les diagrammes de la voie biologique, tels que des voies 
cellulaires comportant des relations determinees peuvent etre introduce 
modifies et generes de maniere dynamique pour representer des SnctionS 
biologiques, telles que des fonctions cellulaires, de facon a oermettre a 
un utilisateur d'agir visuellement sur des dimensions SSiJiSrSS 
donnees biologiques Un utilisateur peut explorer de maniere dynamique 
^laHrH'T ldent ^ f • deS ^nnees biologiques pour decouv^ir une 
relation de donnees biologiques specif iques avec d'autres donnees 
biologiques. Le procede et le systeme peuvent contribuer a faciliter 
1 abstraction de connaissances a partir de donnees relatives aux voies 
biologiques, et fournir de nouvelles techniques bioinf ormatiques . 
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Methods and system for efficient collection and storage of experimental 
data. These methods and system allow experimental data from 
high- throughput , feature-rich data collection systems, such as 
high- throughput cell data collection systems to be efficiently collected, 
stored, managed and displayed. The methods and system can be used, for 
example, for storing managing and displaying cell image data and cell 
feature data collected from microplates including multiple wells and a 
variety of bio-chips in which an experimental compound has been applied 
to a population of cells. The methods and system provide a flexible and 
scalable repository of experimental data including multiple databases at 
multiple locations including pass -through databases that can be easily 
managed and allows cell data to be analyzed, manipulated and archived. 
The methods and system may improve the identification, selection, 
validation and screening of new drug compounds that have been applied to 
populations of cells. The methods and system can also be used to provide 
new bioinformatic techniques to manipulate experimental data including 
multiple digital photographic images. 

French Abstract 

L ' invention concerne des procedes et systeme de collection et de stockage 
de donnees experimentales . Ces procedes et systeme permettent de 
collecter, stocker, gerer et afficher de maniere efficace des donnees 
experimentales provenant de systemes de collection de donnees de fonction 
•riches a productivite elevee, tels que des systemes de donnees de 
cellules a productivite elevee. Par exemple, ils peuvent etre utilises 
pour stocker, gerer et afficher des donnees d 1 image de cellules et des 
donnees de fonction de cellules recueillies de microplaques comprenant 
plusieurs puits et une variete de bio-puces dans lesquelles un compose 
experimental a ete applique a une population de cellules. Lesdits 
procedes et systeme fournissent un repertoire souple et a l'echelle de 
donnees experimentales comprenant plusieurs bases de donnees a de 
nombreux emplacements comportant des bases de donnees de passage aisement 
gerables et permettent aux donnees de cellules d'etre analysees, 
manipulees et archivees . Lesdits procedes et systeme peuvent ameliorer 
1 1 identification, la selection, la validation et le criblage de. composes 
de medicaments nouveaux qui ont ete appliques a des populations de 
cellules. Ils peuvent egalement servir a 1 * apport de techniques 
bio-informatiques nouvelles pour manipuler des donnees experimentales 
renfermant de nombreuses images photographiques numerisees. 

Legal Status (Type, Date, Text) 

Publication 20000525 A2 Without international search report and to be 

republished upon receipt of that report. 

Examination 20000817 Request for preliminary . examination prior to end of 

19th month from priority date 

Search Rpt 20001130 Late publication of international search report 



6/5/14 

DIALOG (R) File 349:PCT Fulltext 
(c) 2001 WIPO/MicroPat . All rts. reserv. 

00713629 

A SYSTEM FOR CELL -BASED SCREENING 
SYSTEME DE CRIBLAGE POUR CELLULES 

Patent Applicant/Assignee: 

CELLOMICS INC, 635 William Pitt Way, Pittsburgh, PA 15238, US, US 
(Residence), US (Nationality), (For all designated states except: US 
Patent Applicant/Inventor: 

GUILIANO Kenneth A, 351 Hawthorne Road, Pittsburgh, PA 15209, US, US 

(Residence), US (Nationality), (Designated only for: US) 
BRIGHT Gary, 586 Sturbridge Drive, Highland Heights, OH 44143, US, US 

(Residence), US (Nationality), (Designated only for: US) 
OLSON Keith, 372 S. Highland Avenue, Pittsburgh, PA 15205, US, US 

(Residence), US (Nationality), (Designated only for: US) 
BURROUGHS -TENCZA Sarah, 401 Olympia Road, Pittsburgh, PA 15211, US, US 
(Residence), US (Nationality), (Designated only for: US) 
Legal Representative: 

HALLO RAN Par rick J, McDonnell, Boehnen. Hulbert * Serghoff, Suite 3 2 00, 



300 South Wacker Drive, Chicago, IL 60606, US 
Patent and Priority Information {Country, Number, Date) : 

Patent: WO 200026408 A2 2000051l'(WO 0026408) 

Application: WO- 99US25431 19991029 {PCT/WO US9925431) 

Priority Application: US 98106308 19981030; US 99136078 19990526 
De ^ 9 f^ states : AE AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE 
ES FI.GB GD GE GH GM HR HU ID IL IN. IS JP KE KG KP KR KZ LC LK LR LS LT 
LU LV MD MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR S 
UA UG US UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 
(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 
(AP) GH GM KE LS MW SD SL SZ TZ UG ZW 
(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: C12Q-001/68 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 41645 
English Abstract 

The present invention provides systems, methods, screens, reagents and 
kits for optical system analysis of cells to rapidly determine the 
distribution, environment, or activity of f luorescently labeled reporter 
molecules in cells for the purpose of screening large numbers of 
compounds for those that specifically affect particular biological 
functions. * 3 

French Abstract 

La presente invention concerne des systemes, des methodes, des cribles 
des reactifs et des kits d'analyse optique de cellules, qui permettent 'de 
determiner rapidement la distribution, 1 'environnement ou l'activite de 
protemes rapporteurs a marqueur fluorescent. L'objectif recherche est de 
passer au cnble un grand nombre de composes pour local iser ceux d'entre 
eux qui ont une incidence specifique sur des fonctions biologioues 
particulieres . 

Legal Status (Type, Date, Text) 

Publication 20000511 A2 Without international search report and to be 

republished upon receipt of that report. 

Examination 20000706 Request for preliminary examination prior to end of 

19th month from priority date 

Search Rpt 20000914 Late publication of international search report 

6/5/15 

DIALOG (R) File 349:PCT Fulltext 

(c) 2001 WIPO/MicroPat. All rts. reserv. 

00704226 **Image available** 
A SYSTEM FOR CELL -BASED SCREENING 
SYSTEME DE CRIBLAGE CELLULAIRE 

Patent Applicant/Assignee: 

CELLOMICS INC, CELLOMICS, INC. , 635 William Pitt Way, Pittsburgh PA 
15238 , US ' 
Inventor (s) : 

DUNLAY R Terry, DUN LAY, R., Terry , 433 Lynn Ann Drive, New Kensington, 
PA 15068 , US 

TAYLOR D Lansing, TAYLOR, D., Lansing , 910 Notre Dame Place, Pittsburqh, 
PA 15215 , US 3 

G0 1523 8 lbe us' H ' G0UGH ' Albert ' H - ' 635 William Pitt Wa y> Pittsburgh, PA 

GUILIANO Kenneth A, GUILIANO, Kenneth, A. , 2014 Louise Drive Glenshaw 
PA 15116 , US ' 

.. RUBIN Richard -A, RUBIN , Richard, A. ,"5866 Bartlett Street, Pittsburgh, 
PA 15217 , US 

Patent and Priority Information (Country, Number, Date) : 

?a " £nt: 00:~643 K2 20000330 (WO 200017643) 



Application: WO 99US21561 19990917 (PCT/WO US9921561) 

Priority Application: US 98100973 19980918 
Designated States: AU CA JP MX N2 US AT BE CH CY DE DK ES FI FR GB GR IE IT 

LU MC NL PT SE 
Main International Patent Class: G01N-033/53; 
International Patent Class: G01N-015/14; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 32399 



English Abstract 

The present invention provides systems, methods, screens, and kits for. 
optical system analysis of cells to rapidly determine the distribution, 
environment, or activity of f luorescently labeled reporter molecules in 
cells for the purpose of screening large numbers of compounds for those 
that specifically affect particular biological functions. The invention 
involves providing cells containing fluorescent reporter molecules in an 
array of locations and scanning numerous cells in each location with a 
high magnification fluorescence optical system, converting the optical 
information into digital data, and utilizing the digital data to 
determine the distribution, environment or activity of the f luorescently 
labeled reporter molecules in the cells. The array of locations may be an 
industry standard 96 well or 384 well microtiter plate or a microplate 
which is a microplate having cells in a micropatterned array of 
locations. The invention includes apparatus and computerized method for 
processing, displaying and storing the data. 

French Abstract 

La presente invention concerne des systemes, des procedes, des cribles et 
des kits destines a 1 1 analyse par systeme optique de cellules afin de 
determiner rapidement la distribution, 1 1 environnement , ou l'activite de 
molecules reporters a marquage fluorescent dans des cellules en vue du 
criblage d'un grand nombre de composes, criblage destine a determiner 
lesquels de ces composes agissent de maniere specifique sur des fonctions 
biologiques particulieres . Le procede selon 1' invention consiste a 
utiliser des cellules renfermant des molecules reporters a marquage 
fluorescent dans un reseau d ' emplacements ; a proceder au balayage optique 
de nombreuses cellules dans chaque emplacement a l'aide d'un systeme 
optique f luorometrique de grossissement ; a convertir les informations 
optiques en donnees numeriques; et a utiliser ces donnees numeriques pour 
• determiner la distribution, 1 ' environnement ou l'activite des molecules 
reporters a marquage fluorescent. Le reseau d * emplacements peut etre une 
plaque de microtitrage standard a 96 ou 3 84 puits, telles que celles que 
l'on trouve dans l'industrie, ou une microplaque portant des cellules 
disposees dans un reseau d' emplacements microstructure . L' invention 
concerne egalement un appareil et un procede informatique permettant de 
traiter, d'afficher et de stocker ces donnees. 
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MINIATURIZED CELL ARRAY METHODS AND APPARATUS FOR CELL -BASED SCREENING 
METHODES ET APPAREIL DE CRIBLAGE SUR LA BASE DE CELLULES AVEC UN RESEAU 
MINIATURISE DE CELLULES 
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English Abstract 

The present invention devices and methods for maximizing the number of 
wells that can be imaged at one time while still obtaining adequate pixel 
resolution in the image. This result has been achieved through theTusVof 
fluidic architectures that maximizes well density. The present invention 
thus provides a miniaturized microplate system with closed fluidic 
volumes that are internally supplied with fluid exchange, and with wells 
that are closely spaced to more rapidly detect spatially-resolved 
features of individual cells. 
French Abstract 

La presente invention concerne des dispositifs et methodes permettant 
d accroitre le nombre de cupules pouvant etre representees en une seule 
fois tout en realisant une definition de pixels appropriee dans 1 ' image 
On a obtenu ce .resultat grace a 1 ' utilisation d ■ architectures fluidigues 
■ qui accroissent la densite des cupules. La presente invention concerne 
done un systeme de microplaques miniaturisees comportant des volumes 
fluidiques fermes alimentes de facon interne par echange de fluides, et 
des cupules rapprochees pour une detection rapide de caracteristiques a 
definition spatiale de cellules individuelles . 
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EnglisH Abstract 

The present invention provides systems, methods, and screens to measure 
receptor internalization in a single step with appropriate automation and 
throughput. This approach involves luminescent labeling of the receptor 
of interest and the automated measurement of receptor internalization to 
a perinuclear location. 

French Abstract 

La presente invention concerne des systemes, des procedes et des 
techniques de criblage qui servent a mesurer 1 1 internalisation a un stade 
individuel avec une automatisation et un debit appropries. Les procedes 
et techniques de l 1 invention necessitent le marquage luminescent du 
recepteur d'interet et la mesure automatisee de 1 ' internalisation de 
recepteurs vers un emplacement perinucleaire . 
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. English Abstract. 

Materials and methods are disclosed for regulation of biological events 
such as target gene transcription and. growth, proliferation or 
differentiation of engineered cells. erauion or 

French Abstract 

e~Pn^ d h S f tieres et * es Precedes qui permettent de reguler des 

b '° l0gi ? u r tels la transcription de genes cibles et la 
croissance, la proliferation ou la dif f erenciation de cellules 
genetiguement modifiees. ceiiuies 
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Claims 
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English Abstract 

The present invention provides a system for high- throughput analysis of 
chemical compounds. Assays are performed in a high density platform, and 
compounds having pre-determined desirable effects are identified. 
Preferably, the compounds have biological effects, more preferably, the 
assays and detection are performed on whole cells. 
French Abstract 

L ' invention concerne un systeme permettant d'effectuer une analyse 
hautement efficace de composes chimiques . Les examens, effectues sur une 
plate-forme haute densite, permettent d' identifier les composes exercant 
des effets desirables predetermines. De preference, les composes 
possedent des effets biologiques, et les examens et la detection sont si 
possible effectues sur des cellules entieres. 
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English Abstract 

The present invention provides complex compounds reminiscent of natural 
products and libraries thereof, as well -as methods for their production. 
The inventive compounds and libraries of compounds are reminiscent of 
natural products in that they contain one or more stereocenters , and a 
nigh density and diversity of functionality. In general, the inventive 
-iiorsries are synthesized from diversi f i able scaffold structures, which 



are synthesized from readily available or easily synthesizable template 
structures. In* certain embodiments, the inventive compounds and libraries 
are generated from diversif iable scaffolds synthesized from a shikimic 
acid based epoxyol template. In other embodiments, the inventive 
compounds and libraries are generated from diversif iable scaffolds 
synthesized from the pyridine-based template isonicotinamide. The present 
invention also provides a novel ortho-nitrobenzyl photolinker and a 
method for its synthesis. Furthermore, the present invention provides 
methods and kits for determining one or more biological activities of 
members of the inventive libraries. Additionally, the present invention 
provides pharmaceutical compositions containing one or more library 
members. 

French Abstract 

La presente invention concerne, d'une part des composes complexes 
reminiscents de produits naturels ainsi que des ecnahtillotheques de ces 
composes, et d' autre part des procedes de production correspondants . Ces 
composes et echantillotheques de composes sont des reminsicences de 
produits naturels en ce qu'ils contiennent au moins un centre 
stereotaxique et presentent des fonctionalises tres denses et diverses. 
En general, la synthese des echantillotheques de 1' invention se fait a 
partir d'ossatures d' echaf f audages diversif iables dont la synthese se 
fait a partir de structures gabarit existantes ou facilement 
synthetisables . Pour certaines realisations, les composes et 
echantillotheques de 1' invention sont generes a partir d' echaf f audages 
diversif iables synthetises a partir d'un gabarit epoxyol a base d'acide 
shikimique. Pour d'autres realisations, les composes et echantillotheques 
de 1' invention sont generes a partir d • echaf f audages diversif iables 
synthetises a partir d'un gabarit isonicotinamide a base de pyridine. 
L' invention concerne egalement un photoreticulant a base 
d ■ orthonitrobenzyle ainsi que le procede de synthese approprie. En outre, 
1" invention concerne des procedes ainsi que des necessaires permettant de 
determiner une ou plusieurs activites biologiques des elements des 
echantillotheques de 1' invention. Enfin, 1' invention concerne des 
compositions pharmaceutiques contenant I'un au moins des elements de 
bibliotheque . 

Legal Status (Type, Date, Text) 

Examination 200.00713 Request for preliminary examination prior to end of 

19th month from priority date 
Search Rpt 20001116 Late publication of international search report 
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00657644 

NOVEL DIMERIZING AGENTS, THEIR PRODUCTION AND USE 
AGENTS DE DIMERISATION, PRODUCTION ET UTILISATION 

Patent Applicant/Assignee: 

PRESIDENT AND FELLOWS OF HARVARD COLLEGE, PRESIDENT AND FELLOWS OF 
HARVARD COLLEGE, 124 Mount Auburn Street, Cambridge, MA 02138, US 
Inventor (s) : 

SCHREIBER Stuart L , SCHREIBER, Stuart, L. , 434 Marlborough Street, 

Boston, MA 02115, US 
CRABTREE Gerald R, CRABTREE, Gerald, R., 7 Durham Road, Woodside, CA 

94062, US 

LIBERLES Stephen D, LIBERLES, Stephen, D., 68R Dane Street, Somerville, 
MA 02143, US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9941258 Al 19990819 

Application: WO 99US3095 19990212 (PCT/WO US9903095) 

Priority Application: US 9874584 19980213 
Designated States: AU CA JP AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL 
PT SE 

Main International Patent Class: C07D-498/18; 

International Patent Class: C07K-001/107; C07K-001/14; C12N-015/56; 
■ 16; CQ7D- 311/0G ; C07D-2~3/OG; C07D-211/00; CC^D- 4 99 / 1 8 ; 



C07D-311/00; C07D-273/00; C07D- 2 09/00 ; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 59294 



English Abstract 

Materials and methods are disclosed for regulation of biological events 
such as target gene transcription and growth, proliferation or 
differentiation of engineered cells. 

French Abstract 

L' invention concerne des agents et des precedes permettant de reguler un 
certain nombre d'evenements biologiques, comme la transcription et la 
croissance de genes cibles, ou la proliferation et la dif f erenciation de 
cellules mampulees. 
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DROPLET ASSAY SYSTEM 

SYSTEME DE CRIBLAGE PAR GOUTTELETTES 

Patent Applicant /Assignee : 

THE PRESIDENT AND FELLOWS OF HARVARD COLLEGE, THE PRESIDENT AND FELLOWS 
OF HARVARD COLLEGE, 17 Quincy Street, Cambridge, MA 0213 8 US 
Inventor (s) : 

SCHREIBER Stuart L , SCHREIBER, Stuart, L., 434 Marlborough Street 

Boston, MA 02116, US 
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Somerville, MA 02144, US 
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Street, Cambridge, MA 02138, US 
YOU Angle J, YOU, Angie, J., 498 Adams House, Cambridge, MA 02138 US 
HUANG Jing, HUANG, Jing, Apartment 2, 66 Z Prentiss Street, Cambridge MA 

0214 0, US ' 

FOLEY Mike, FOLEY, Mike, 107 Conwell Avenue, Somerville, MA 02144 US 
TAN Derek, TAN, Derek, 23 Berkeley Street, Cambridge, MA 02138, US 
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Boston, MA 02114, US 
Patent and Priority Information (Country, Number, Date) : 
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Application: WO 97US19110 19971015 (PCT/WO US9719110) 

Priority Application: US 9629128 19961016; US 9749864 19970606 
DS ^ 9 ^ ted States: AL AM AT AU A2 BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
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MX NO NZ PL PT RO RU SD SE SG SI SK TJ TM TR TT UA UG UZ VN GH KE LS MW 
SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH DE DK ES FI FR GB GR IE 
IT LU MC NL PT SE BF BJ CF CG CI CM GA GN ML MR NE SN TD TG 

Mam International Patent Class: G01N-033/53; 

Publication Language: English 

Filing Language: English 

Fulltext Availability: 
Detailed Description 

Fulltext Word Count: 23798 

English Abstract 

Svinr*«- i KT ent i° n . P rovides a novel system for identifying compounds 
having desirable chemical or biological activities. According to the 
invention test compounds are introduced into liquid droplets and assayed 
wherein. The system is particularly useful for identifying compounds that 

^' 9 '' aS < r atal >' sts ' or that have biological activities. In preferred 
errioocimer.rs of rhe invention . -he compounds are assaved < i> in vivo< /i> 



French Abstract 

L 1 invention concerne un nouveau systeme permettant d' identifier des 
composes ayant des activites chimiques ou biologiques desirables. Selon 
1' invention, on introduit des composes a etudier dans des gouttelettes de 
liquide et on les crible. Le systeme est particulierement utile pour 
identifier des composes qui agissent par exemple comme catalyseurs ou qui 
ont des activites biologiques. Dans les modes de realisation preferes de 
1' invention, les composes sont cribles in vivo. 
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REACTIVE LIGANDS AND COVALENT LIGAND; ndash; PROTEIN COMPLEXES 
LIGANDS REACTIFS ET COMPLEXES COVALENT S DE LIGANDS ET PROTEINES 

Patent Applicant/Assignee: 

PRESIDENT AND FELLOWS OF HARVARD COLLEGE, PRESIDENT AND FELLOWS OF 
HARVARD COLLEGE, 17 Quincy Street, Cambridge, MA 02138, US 
Inventor (s) : 
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SCHREIBER Stuart L , SCHREIBER, Stuart, L., – , US 
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WEISS Gregory A, WEISS, Gregory, A., indash; , US 

SHAMBAYATI Soroosh, SHAMBAYATI , Soroosh, –, US 
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Priority Application: US 9627081 19960930 
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Main International Patent Class: A61K-039/00; 
International Patent Class: C07K-007/06; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 9473 
English Abstract 

Ligands bind to proteins according to particular kinetic profiles. The 
reversible kinetics of binding lead to release of the ligand from the 
binding site, thereby affecting the recognition of the ligand;ndash; 
protein complex. By changing the kinetics of the reversible binding, it 
is possible to alter the response to the cellular immune system. Reactive 
ligands can be used to change the kinetics of binding by reacting with 
the protein when bound. 

French Abstract 

Des ligands se lient a des proteines conformement a certains profils 
cinetiques particuliers . La cinetique de liaison reversible entraine la 
liberation du ligand du site de liaison, ce qui modifie la capacite de 
reconnaissance du complexe ligand; ndash;proteine . En modifiant la 
cinetique de la liaison reversible, il est possible de modifier la 
reaction face au systeme immunitaire cellulaire. On peut utiliser, pour 
modifier la cinetique de liaison, des ligands reactifs qui reagissent 
avec la proteine une fois la liaison formee. 



1/5/7 

DIALOG (R) File 349:PCT Fulltext 

(c) 2001 WIPO/MicroPat . All rts. reserv. 

C0564605 **Image available** 

USE OF MUTATED MACROLIDE BINDING PROTEIN FOR THE PREVENTION OP GUHD 
UTILISATION D ' UNE PROTEINE DE FIXATION DE MACROLIDE MUTEE POUR PREVENIR LA 



REACTION DU GREFFON CONTRE L'HOTE 
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CRABTREE Gerald 
Inventor (s) : 

PRESIDENT AND FELLOWS OF HARVARD COLLEGE, PRESIDENT AND FELLOWS OF 
HARVARD COLLEGE, 17 Quincy Street, Cambridge, MA 02138, US 

THE LELAND S STANFORD JUNIOR UNIVERSITY, THE LELAND S. STANFORD JUNIOR 
UNIVERSITY, Office of Technology Licensing, Suite 350, 900 Welch Road, 
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Patent and Priority Information (Country, Number, Date) : 

Patent': WO 9808956 A2 19980305 
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Main International Patent Class: C12N-015/54; 

International Patent Class :'. C12N- 015/ 12 ; C12N-005/10; C12N-009/12; 

C07K-014/715; A61K-048/00; A01K-067/027 ; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 32008 
English Abstract 

This invention is directed to a modified cyclosporin A and to a modified, 
genetically engineered version of its receptor, cyclophilin. This 
invention is further directed to a method for treating host versus graft 
disease following blood marrow transplantation by transfecting stem cells 
so that after introduction into a patient the stem cells will express the 
modified cyclophilin, and, as necessary, administer the modified 
cyclosporin A to the. patient. 

French Abstract 

Cette invention se rapporte a une cyclosporine A modifiee et a une 
version modifiee par genie genetique de son recepteur, la cyclophiline . 
Cette invention se rapporte en outre a un procede pour traiter la 
reaction du greffon contre l'hote apres une greffe de moelle osseuse par 
transfection de cellules souches, pour que, apres introduction dans le 
corps d'un patient, les cellules souches expriment la cyclophiline 
modifiee et, si necessaire, administrent la cyclosporine A modifiee dans 
le corps du patient . 
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HI STONE DEACETYLASES , AND USES RELATED THERETO 
HI STONE&shy ; DESACETYLASES ET LEXJRS UTILISATIONS 

Patent Applicant/Assignee: 
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HARVARD COLLEGE , 17 Quincy Street, Cambridge, MA 0213 8, US 
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"Sw^ra" A ' HASSIG ' ChriStian ' A - 68R D -e Street, Somerville, 
J T?214 T o ; °us y F '' JAMIS0N ' Tim ° th ^ F < " ^ost Street & 1, Cambridge, 
Patent and Priority Information (Country, Number, Date) • 
Patent: WO 973S990 A2 19971002 

Application: WO 97US5275 19970326 (PCT/WO US9705275) 

Priority Application: US 96624735 19960326 
Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ np nir pp cc 

MX NO NZ 0^ S 2 JP ^ KG KP ^ ™ * " LS LT LU LV MD MG MK MN MW 
MX NO NZ PL PT RO RU SD SE SG SI SK TJ TM TR TT UA UG US UZ VN GH kp fa 
MW SD SZ UG AM AZ BY KG KZ MD RU TJ TM AT BE CH DE DK ES FI FR GB GR IE 
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Publication Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 514 97 
English Abstract 

J™^"* invention <=°ncems proteins encoded by a family of genes 

, he f < n> ­related genes, which are involved ?n the 

control of chromatin structure and, thus in transcription and 
m^hnJf^ n ; Present invention makes available compositions and 

H?f f , Canbe utllized < for sample, to control cell proliferation 
ana differentiation < i> in vitro< /i> and < i> in vivo.< fi> 

French Abstract 

aLes eS ^iif e f ion 1 concerne des Proteines codees par une famille de 
genes, appeles, dans le present contexte, genes apparentes < i> HDx< /i> 
, qui sont impliques dans la regulation de la structure de la chromatid 

L^^Ln^ nSeqUen ^ da ^ S l6S P rocessus transcription et de traduction 
La presente invention decrit des compositions et des precedes 
utUisables, par exemple, pour reguler la proliferation et la 
differentiation cellulaires, tant < i> In vitro< /i> qu • < i> in v ivo< /i> 
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LACTACYSTIN ANALOGS 
ANALOGUES DE LACTACYSTINE 
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RU SD SE SG SI TM TR TT UA UG US UZ VN KE LS MW SD SZ UG AM AZ BY KG KZ 
MD RU TJ TM AT DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI 
CM GA GN ML MR TD TG 

Main International Patent Class: A61K-031/395 ; 

International Patent Class: A61K-M)38/00 ; 

Publication Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 39156 
English Abstract 

^Compounds related to lactacystin and lactacystin 1 beta lactone , 
pharmaceutical compositions containing the compounds, and methods of use. 

Japanese Abstract 

L' invention porte sur des composes lies a la lactacystine et a la 
lactacystine * beta • - lactone, des compositions pharmaceutiques contenant 
ces composes et leurs procedes d 1 utilisation . 
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NEW METHOD FOR IDENTIFYING AND EVALUATING BIOLOGICALLY ACTIVE MOLECULES 
NOUVELLE METHODS D • IDENTIFICATION ET D 1 EXAMEN DE MOLECULES A ACTIVITE 
BIOLOGIQUE 

Patent Applicant/Assignee: 
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SCHREIBER Stuart L 

CRABTREE Gerald R 

HOLT Dennis A 
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SCHREIBER Stuart L 
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Patent and Priority Information (Country, Number, Date) : 
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SI SK TJ TM TT US UZ VN KE LS MW SD SZ UG AT BE CH DE DK ES FR GB GR IE 
IT LU MC NL PT BJ CF CG CI CM GA GN ML MR NE SN TD TG 

Main International Patent Class: C12Q-001/68; 

International Patent Class: G01N-033/53; 

Publication Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 7748 
English Abstract 

This invention concerns materials, methods and applications relating to 
the multimerizing of protein mediators of biological events using 
synthetic, preferably non-peptidic , dimerizing agents or CIDs . 

Japanese Abstract 

L' invention porte sur des materiaux, des methodes et des applications 
relatifs a la multimerisation des mediateurs proteiques d'evenements 
biologiques a l'aide d' agents synthetiques de dimerisation de preference 
non peptidiques, ou CID finductieurs chimiques de dimerisation). 
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SEQUENCE - SPECIFIC GLYCOCONJtJGATE TPiHerDTWTm« T 

™E B S E RSItT STEES 0F LELMD S ™ F0RD ™« UNIVERSITY 

InventS(s) DENT ^ FELL ° WS ° F C0LLEGE 
•HO Steffan N 
SCHREIBER Stuart L 
DANISHEFSKY Samuel J 
CRAB TREE Gerald R 
Patent and Priority Information (Country, Number, Date) • 
. ? at ? nt: WO 9505389 Al 19950223 

K^ppuc^o, S 55SS SJSS " s ' 409123 > 

Ht2t"".fcS^™vi? FR GB GR IE 11 L » " c » » « 

International Patent Class: C12Q-001/68; 
Publication Language: English 
Fulltext Availability: 

Detailed Description 

Claim's 

Fulltext Word Count: 20243 
English Abstract 

The invention provides glycoconjugatea which bind polynucleotides in a 
bindinf^r SCtlVe - manner and/ ° r Preferentially displace or Sibit 
Dm bind?n tr f nSCriPti ° n faCt ° rs t0 their recognition sites on DNA The 
DNA-binding glycoconjugatea of the invention, exemplified by 

tran^ Cln '? G ( " 8h °™ in the f ^ ' ^ ™* as selective 
transcriptional antagonists, among other uses. 

Japanese Abstract 

iar^Section 0 ^ 6 9l f occ W s <^ des polynucleotides 

facteurs ?r« Se ? U " nce et ' ou deplacent ou inhibent la fixation des 
Les5lts JV n ranscri P Clon a leurs sites de reconnaissance sur 1 1 ADN . 
S Slycoconjuges comme l'illustre la calicheamicine-MG (fig. i 
servent notamment d • antagonistes selectifs de transcriptions. 

1/5/12 

DIALOG (R) File 349:PCT Fulltext 

(O 2001 WIPO/MicroPat. All rts. reserv. 

00371292 

REGULATED APOPTOSIS 
APOPTOSE REGULEE 

Patent Applicant/Assignee: 

pSsiS S^SfTS! ° F ™ E LELAND STANF0RD J™ 10 * DIVERSITY 
PRESIDENT AND FELLOWS OF HARVARD COLLEGE 

Inventor (s) : 

CRABTREE Gerald R 
SCHREIBER Stuart L 

SPENCER David M 
WANDLESS Thomas J 
BELSHAW Peter 

Went and Priority Information (Country, Number, Date) : 
I auent: , WO 9502684 Al 19950126 
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Designated States : AT AU BB BG BR BY CA CH CN CZ DE DK ES FI GB HU JP KP KR 

~ " - ^ * L NC UZ ? - ?T R0 SD SE SK UA UZ 177 AT BE CK DE DK ES 



p 



FR GB GR IE IT NL PT SE BF BJ CF CG CI CM GA GN ML MR NE SN TD TG 
Main International Patent Class: C12N-005/00; 

International Patent Class: C12N-015/00; C07H-015/ 12 ; C07K-015/00; 

A61K-031/70; 
Publication Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 34042 
English Abstract 

We have developed a general procedure for the regulated (inducible) 
dimerization or oligomerization of intracellular, proteins and disclose - 
methods and materials for using that procedure to regulatably initiate 
cell-specific apoptosis (programmed cell death) in genetically engineered 
cells . 

Japanese Abstract 

On a developpe un processus general de dimerisation ou d ■ oligomerisation 
regulee (pouvant etre induite) de proteines intracellulaires . Des 
procedes et des substances sont decrites, lesquels permettent d'amorcer 
de maniere regulable 1 ' apoptose (mort cellulaire programmee) dans des 
cellules produites par technique ,genetique . 
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REGULATED TRANSCRIPTION OF TARGETED GENES AND OTHER BIOLOGICAL EVENTS 
TRANSCRIPTION REGULEE DE GENES CIBLES ET D'AUTRES EVENEMENTS BIOLOGIQUES 

Patent Applicant/Assignee: 

THE BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR UNIVERSITY 

PRESIDENT AND FELLOWS OF HARVARD COLLEGE 
Inventor (s) : 

CRABTREE Gerald R 

SCHREIBER Stuart L 

SPENCER David M 

WANDLESS Thomas J 

BELSHAW Peter 

Patent and Priority Information (Country, Number, Date) : 
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Main International Patent Class: C12N-015/00; 

International Patent Class: C12N-005/00 ; C12N-005/06; C12N-015/11; 

C12P-021/06; C12P-021/00; 
Publication Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 32431 
English Abstract 

Dimerization and oligomerization of proteins are general biological 
control mechanisms that contribute to the activation of numerous cellular 
processes. We have developed a general procedure for the regulated 
(inducible) dimerization or oligomerization of intracellular proteins. As 
outlined in the figure, any two target proteins can be induced to 
associate by treating the cells or organisms that harbor them with cell 
permeable, synthetic ligands. In summary, we have induced: (1) the 
intracellular aggregation of the cytoplasmic tail of the zeta chain of 
the T cell receptor (TCR) -CD3 complex thereby leading to signaling and • 
::"5:.s:r:p::cr ; of a reporter gene, ■ 2 " ! the homocimerizat ion cf zhe 



cytoplasmic tail of the Fas receptor thereby leading to cell-specific 
n^ P H° S H 1S (p ^° gramm f cel1 dea th) and (3) the heterodimerization of a 
DNA-binding domain (Gal4) and a transcription- activation domain (VP16) 
thereby leading to direct transcription of a reporter gene. 

Japanese Abstract 

La dimerisation et 1 ' oligomerisation de proteines sont des mecanismes 
generaux de commandes biologiques contribuant a 1' activation de nombreux 
processus cellulaires. Nous avons mis. au point un precede general de 
dimerisation ou d» oligomerisation regulee (inductible) de proteines 
intracellulars. Comme l'illustre la figure 15, on peut provoquer 
1 'association de l'une ou 1- autre de deux proteines cibles en traitant 
les cellules ou les organismes qui les contiennent avec des ligands 
synthetiquespermeables aux cellules. En resume, nous avons provoque: (1) 
1 aggregation intracellular de la queue cytoplasmique de la chaine aux 
etats du complexe recepteur (TCR) -CD3 de cellules T, ce qui conduit a la 
signalisation et a la transcription d'un gene reporteur, (2) 
I'homodimerisation de la queue cytoplasmique du recepteur de FaS, ce qui 
implique une apoptose specifique a la cellule (mort cellulaire 
programmee) et (3) 1 ' heterodimerisation d'un domaine de liaison de l'ADN 
(Gal4) et d'un domaine de transcription-activation (VP16) , ce qui 
provoque la transcription directe d'un gene reporteur. 
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DETECTION OF IMMUNOSUPPRESSANTS 
DETECTION D » IMMUNOSUPPRESSEURS 
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Patent and Priority Information (Country, Number, Date) : 
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Publication Language: English 
Fulltext Availability: 
- Detailed Description 

Claims 

Fulltext Word Count: 7864 
English Abstract 

A method of evaluating the immunosuppressive activity of a compound 
including contacting the compound with calcineurin and determining the 
ability of the compound to bind to the calcineurin. The ability to bind 
to the calcineurin is positively correlated to the immunosuppressive 
activity of the compound. 

Japanese Abstract 

Un procede devaluation de l'activite immunosuppressive d'un compose 
consiste a mettre en contact le compose avec de la calcineurine et a 
determiner la capacite du compose a se lier a la calcineurine. La 
capacite de fixation du compose sur la calcineurine est en correlation 
positive avec l'activite immunosuppressive du compose. 
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Claims 

Fulltext Word Count: 2241 

English Abstract 

Binding proteins of both human and bovine origin for the 
immunosuppressant FK506 have isomerase activity which is inhibited by 
FK5 ^ ^ n0t ? 7 cyclosporin a. The N- terminal sequence of both proteins 
is H2-N-Gly-Val>Gln-Val-GlU"Thr-Ile-Ser-Pro-Gly-Asp-Gly-Arg-Thr-Phe-Pro- 
Lys-Arg- Gly-Gln-Thr-Cys-Val-Val-His-Tyr-Thr-Gly-Met-Leu-Glu-Asp-Gly-Lys 
Lys-Phe-Asp-S er-Ser-Arg. The entire sequence of the human protein 
deduced from the cloned human gene contains in addition: Asp-Arg-Asn-Lys 

wT^ e ~ir~ Phe ~ Met ~^ lu-Glu-Gly 

' Y* 1 -* 1 *'*}*-"?*- 3 **-™^ p-Tyr 
Ala-prr-Gly-Ala-T^^ 

Pne-Asp-Val -Glu-Leu-Leu-Lys -Leu-Glu . 

Japanese Abstract 

Des proteines de liaison tant d'origine humaine que bovine pour 
1 • immunosuppresseur FK506 ont une activite d' isomerase qui est inhibee 
par FK506 mais non par la cyclosporine A. La sequence a terminaison N de; 
deux proteines est H2 -N-Gly-Val-Gln-Val-Glu-Thr-Ile-Ser-Pro-Gly-Asp- 
Gly-Arg-Thr-Phe-Pro-Lys-Arg- Gly-Gln-Thr-Cys-Val-Val-His-Tyr-Thr-Gly-Met- 
Leu-Glu-Asp-Gly-Lys-Lys-Phe-Asp-S' er-Ser-Arg. La sequence entiere de la 
proteme humaine deduite du gene humain clone contient de plus- Asp-Arg- 
Asn-Lys-Pro-Phe-Lys-Phe-Met-Leu-Gly-Lys-Gln-Glu-Val-Ile-Arg-Gly-Trp-G lu- 
Glu-Gly-Val-Ala-Gln-Met-Ser-Val-Gly-Gln-Arg-Ala-Lys-Leu-Thr-Ile-Ser-Pro- 
As P-Tyr-Ala-Tyr-Gly-Ala-Thr-Gly-His-Pro-gly-Ile-Ile-Pro-Pro-His-Ala-Thr- 
Leu-Val -Phe-Asp-Val-Glu-Leu-leu-Lys-Leu-Glu. 



1/5/16 

DIALOG (R) File 349:PCT Fulltext 
(c) 2001 WIPO/MicroPat . All rts. reserv. 

00215369 

PROCESS FOR PREPARING SYNTHETIC PERIPLANONE-B 
PROCEDE DE PREPARATION DE PERIPLANONE-B S YNTHET I QUE 

Patent Applicant/Assignee: 

YALE UNIVERSITY 
Inventor (s) : 

SCHREIBER Stuart L 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 8600308 Al 19860116 

Application: WO 85US1109 19850613 (PCT/WO US8501109) 

Priority Application: US 84621574 19840618 
Designated States: AT BE CH DE FR GB IT JP LU NL SE 

v=ir. international Patent Class: CG7D-493/ 10 ; 



In n^o a n^ al Pat£nt ClaSS: C07 D'303/32; C07C-049/647 ; C07C-049/623 ; 

fc C07C-035/31; C07C-037/20; C07D-303/34; C07C-149/32- 
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Detailed Description 

Claims 
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English Abstract 

An improved process for synthesizing periplanone-B, the sex attractant 
and sex excitant pheromone of the American cockroach, Periplaneta ■ 
americana. r 

Japanese Abstract 

On decritun precede ameliore de synthese de periplanone-B, la pheromone 
d attraction et d'excitation sexuelle produite par la blatte americaine, 
Periplaneta americana 
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Publication Language: English 

Filing Language: English 

Fulltext Availability: 
. Detailed Description 
Claims 

Fulltext Word Count: 9988 
English Abstract 

The present invention provides a process for making an elastomeric web. 
Generally stated, the process includes moving a first web (26) along an 
appointed machine-direction (28) of the process, and delivering a 
plurality of elastomeric strands (30) moving along the machine- 
direction. The elastomeric strands (30) have been elastomerically 
stretched to an elongation of at least about 50 percent, and the 
plurality of elastomeric strands (30) have been laterally distributed 
along an appointed cross -direction (32) of the process. The elastomeric 
strands (30) are positioned at a spaced distance (34) from the first web 
(26), and an adhesive is applied to the elastomeric strands (30) and the 
first web (26) while the elastomeric strands are at the spaced distance 
(34) from the first web (26). A second web (36) is laminated to the first 
web (26) with the elastomeric strands (30) sandwiched between the first 
and second webs to provide an elastomeric laminate, composite web (24) 
attached together with the adhesive. The composite web (24) is allowed to 
elastomerically contract lengthwise by at least about 3 percent, and the 
composite web (24) undergoes a traverse winding into a roll. 

French Abstract 

La presente invention concerne un procede de fabrication de voiles 
elastomeres. De facon generale, ce procede consiste C.amener un premier 
voile (26) dans le sens de progression (28) de 1 1 installation de 
fabrication, et C presenter une pluralite de fils elastomeres (30) qui se 
deplacent dans le meme sens. Les fils elastomeres (30) ont ete etires C 
au moins 50 % environ de leur longueur initiale et la pluralite de ces 
fils (30) a ete repartie transversalement par rapport au sens de 
progression du processus. Les fils elastomeres (30) se trouvant C I'ecart 
et C une distance determinee (34) du premier voile (26), un produit 
adhesif est applique sur lesdits fils (30) et ledit voile (26) . Un second 
voile (36) est lamine sur le premier voile (26) , les fils (30) se 
trouvant intercales entre le premier et le second voile. Le voile 
elastomere lamine composite (24) ainsi obtenu est fixe au moyen d'un 
adhesif. Apres retraction longitudinale d'au moins 3 %, le voile 
composite (24) est enroule par bobinage C spires croisees. 
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French Abstract 

L' invention concerne des polynucleotides secretoires purifies (SPTM) 
ainsi que des polypeptides (SPTM) codes par les SPTM. L' invention 
concerne egalement 1 • utilisation de SPTM, ou de complements, ou 
d 'oligonucleotides, ou de fragments de ces derniers dans des jeux 
ordonnes d ' echantillons de diagnostic. L' invention concerne en outre des 
vecteurs et des cellules hotes contenant des SPTM pour 1' expression de 
SPTM. L' invention concerne aussi 1 ' utilisation de SPTM isoles et purifies 
pour induire des anticorps et pour examiner des bibliotheques de 
composes, et 1 ■ utilisation d'anticorps SPTM dans" des jeux ordonnes 
d' echantillons de diagnostic. L' invention concerne enfin des jeux 
ordonnes de microechantillons contenant des SPTM et des procedes 
d 'utilisation. 
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Set Items Description 

51 1134 (PROTEIN? ?/CM OR PEPTIDE? ?/CM) AND (ARRAY? ?/CM OR MICRO- 

ARRAY? ?/CM) 

52 4 01 SI AND POLYETHYLENE () GLYCOL 

53 . 0 ( PROTEIN? ?/CM OR PEPTIDE? ?/CM) (N10) MICROARRAY? ?/CM (N- 

10) POLYETHYLENE () GLYCOL 
f 4 . 19 ( PROTEIN? ?/CM OR PEPTIDE? ?/CM) (N2 0 ) MICROARRAY? ?/CM 



401 S2 

18176 AEROSOL? 

9322 MIST? 

4075 NEBULI? 

55 73 S2 AND (AEROSOL? OR MIST? OR NEBULI') 
?s s5 and biolog? 

73 S5 

72708 BIOLOG? 

56 67 S5 AND BIOLOG? 

7. ( P rot.lnJ 9 j/c« ^ggi^/c-) (n20, (dot, ? /on or spot, -,/„ or m icrodot ? ? /cm, 

21855 PEPTIDE? ?/CM 

2871 DOT? ?/CM 

3670 SPOT? ?/CM 

11 MICRODOT? ?/CM 

57 229 (PROTEIN? ?/CM OR PEPTIDE? ?/CM) (N20) (DOT? ?/CM OR 

SPOT? ?/CM OR MICRODOT? ?/CM) 
?s s7 and (glycerol or polyethylene () glycol) 
229 S7 
33632 t GLYCEROL 
65081 POLYETHYLENE 
56798 GLYCOL ' 
27239 POLYETHYLENE (W) GLYCOL 

58 13 3 S7 AND (GLYCEROL OR POLYETHYLENE () GLYCOL) 
?s s8 and (array or microarray) 

133 S8 

50084 ARRAY 

785 MICROARRAY 

59 4 6 S8 AND (ARRAY OR MICROARRAY) 
?s s9 and chip 

• 46 S9 

27617 CHIP 

510 21 S9 AND CHIP 
?s slO and scan? 

21 SlO 
55291 SCAN? 

511 20 SlO AND SCAN? 
?s sll and (fluor? or chrom?) 

»>File 349 processing for FLUOR? stopped at FLUORCOPOLYMERE 
>>>File 349 processing for CHROM? stopped at CHROMATOGRAPHIPD 
20 Sll 

16161 FLUOR? 

44775 CHROM? 

512 20 Sll AND (FLUOR?. OR CHROM?) 
?s sl2 and (mist? or aerosol? or nebuli?) 

20 S12 
9322 MIST? 
18176 AEROSOL? 
4075 NEBULI? 

513 2 S12 AND (MIST? OR AEROSOL? OR NEBULI?) 
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English Abstract 

Disclosed are improved methods of making and using immobilized arrays of 
nucleic acids, particularly methods for producing replicas of such 
arrays. Included are methods for producing high density arrays of nucleic 
acids and replicas of such arrays, as well as methods for preserving the 
resolution of arrays through rounds of replication. Also included are 
methods which take advantage of the availability of replicas of arrays 
for increased sensitivity in detection of sequences on arrays. Improved 
methods of sequencing nucleic acids immobilized on arrays utilizing 
single copies of arrays and methods taking further advantage of the 
availability of replicas of arrays are disclosed. The improvements lead 
to higher fidelity and longer read lengths of sequences immobilized on 
arrays. Methods are also disclosed which improve the efficiency of 
multiplex PCR using arrays of immobilized nucleic acids. 

French Abstract 

L 1 invention concerne des methodes ameliorees permettant de fabriquer et 
d'utiliser des reseaux immobilises d'acides nucleiques, notamment des 
methodes permettant de produire des repliques de ces reseaux. L' invention 
concerne egalement des methodes permettant de produire des reseaux 
d'acides nucleiques a haute densite et repliques de ces reseaux ainsi que 
des methodes permettant de conserver la resolution des reseaux apres 
plusieurs replications. L' invention concerne egalement des methodes qui 
prof itent de la disponibilite des repliques de reseaux pour augmenter la 
sensibilite pour la detection de sequences sur les reseaux. L' invention 
concerne en outre des methodes ameliorees permettant de sequencer les 
acides nucleiques immobilises sur des reseaux au moyen de copies uniques 
de reseaux ainsi que des methodes qui profitent egalement de la 
disponibilite des repliques de reseaux. Ces ameliorations permettent 
d'obtenir une fidelite plus elevee et des longueurs superieures de 
lectures de sequences immobilisees sur des reseaux. L» invention concerne 
enfin des methodes permettant d'ameliorer l'efficacite de la PCR 
multiplex au moyen de reseaux d'acides nucleiques immobilises. 
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ASSAYS FOR DETECTING MODULATORS OF C YTO SKELETAL FUNCTION 
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Claims 
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English Abstract 

Described herein are methods of identifying compounds which modulate the 
activity of the cytoskeletal system. The methods are rapid, convenient 
and sensitive. Preferably, the method. is used to identify lead compounds 
chat can oe usea as therapeutics, diagnostics and agricultural agents 
Generally, test compounds are added to two cytoskeletal components which 
bind to one another, to determine whether the binding is affected by the 
test compound. Wherein the binding is affected, a compound which 
modulates the cytoskeletal system is identified. 

French Abstract 

L' invention se rapporte C des methodes d ' identification de composes qui 
modulent l'activite du systeme cytosquelettique. Ces methodes sont 
rapides, efficaces et sensibles. De preference, ces methodes visent C 
identifier des composes de plomb susceptibles d'etre utilises en tant 
qu» agents therapeutiques, diagnostiques et agents destines C 
1' agriculture. Generalement , on ajoute les composes d'essai C deux 
composants qui se lient l'un C 1 'autre, de facon C evaluer 1' influence du 
compose d'essai sur la liaison. Lorsque cette liaison est influencee par 
le compose d'essai, on en deduit que ce compose est un compose modulateur 
du systeme cytosquettique . 
?s (protein? ?/cm or peptid? ?/cm) and (microarray? ?/ab or microarray? Van) 

29305 PROTEIN? ?/CM 7 

20606 PEPTID? ?/CM 

48 MICROARRAY? ?/AB 
167 MICROARRAY? ?/CM 

514 120 (PROTEIN? ? / CM OR PEPTID? ?/CM) AND (MICROARRAY? ?/AB OR 

MICROARRAY? ?/CM) 
?s sl4 and (5() micron?) or (f ive () micron) 
120 S14 
486743 5 
44154 MICRON? 

8482 5 (W) MICRON? 
89846 FIVE 
22721 MICRON 

185 FIVE (W) MICRON 

515 190 S14 AND (5 () MICRON?) OR (FIVE () MICRON) 
?s sl4 and (5 (} micron? or f ive () micron')' 

120 S14 
486743 5 
44154 MICRON? 



89846 FIVE 

44154 MICRON? 

516 FIVE (W) MICRON? 

S16 5 S14 AND (5 0 MICRON? OR FIVE () MICRON? ) 
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METHOD AND DEVICE FOR PERFORMING OPERATIONS AT CHARGED MICROLOCATIONS 
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Claims 
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English Abstract 

Methods and devices are provided for producing dense arrays of chemical 
entities. A substrate comprises a plurality of microlocations having 
microelectrodes connected to a network for connection to a computer to 
control the voltage and polarity at each of said microelectrodes. Means 
for producing electrically charged microparticles comprising at least one 
chemical moiety produce a mist of the particles which is directed to the 
surface of said substrate, where the microparticles are captured by 
microlocations of lower potential. By providing chemical moieties 
concurrently or sequentially, oligomers may be formed or small organic 
compounds synthesized. The resulting arrays may be used for screening 
samples for specific binding entities. 

French Abstract 

L' invention concerne des procedes et des dispositifs permettant de 
produire des matrices denses d'entites chimiques . Un substrat comprend 
plusieurs microsites presentant des microelectrodes connectees a un 
• reseau af in de se connecter a un ordinateur permettant de reguler la 
tension et la polarite de chacune de ces microelectrodes. Des moyens de 
production de microparticules electriquement chargees comprennent au 
moins une fraction chimique produisant une brume de particules dirigee 
vers la surface dudit substrat, les microparticules y etant capturees par 
les microsites de potentiel inferieur. En fournissant des fractions 
chimiques conjointement ou sequentiellement , des oligomeres peuvent se 
former ou de petits composes organiques etre synthetises. Les matrices 
qui en resultent peuvent etre utilisees dans le criblage d ' echantillons 
pour la fixation d'entites specif iques. 
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51 • 1134 (PROTEIN? ?/CM OR PEPTIDE? ?/CM) AND (ARRAY? ?/CM OR MICRO- 

ARRAY? ?/CM) 

52 401 SI AND POLYETHYLENE () GLYCOL 

53 0 (PROTEIN? ?/CM OR PEPTIDE? ?/CM) (N10) MICROARRAY? ?/CM (N- 

10) POLYETHYLENE () GLYCOL 

54 19 (PROTEIN? ?/CM OR PEPTIDE? ?/CM) (N20 ) MICROARRAY? ?/CM 

55 73 S2 AND (AEROSOL? OR MIST? OR NEBULI?) 

56 67 S5 AND BIOLOG? 

57 229 (PROTEIN? ?/CM OR PEPTIDE? ?/CM) (N20) (DOT? ?/CM OR SPOT* 3 

?/CM OR MICRODOT? ?/CM) 

58 133 S7 AND (GLYCEROL OR POLYETHYLENE () GLYCOL) 

59 4 6 S8 AND (ARRAY OR MICROARRAY) 
S10 21 S9 AND CHIP 

SH 20 S10 AND SCAN? 

512 2 0 Sll AND (FLUOR? OR CHROM?) 

513 2 S12 AND (MIST? OR AEROSOL? OR NEBULI?) 

514 • 120 (PROTEIN? ?/CM OR PEPTID? ?/CM) AND (MICROARRAY? ?/AB OR M- 

ICROARRAY? ?/CM) 

515 ISO S14 AND (5 0MICRON?) OR (FIVE () MICRON) 

516 5 S14 AND (5 0MICRON? OR FIVE () MICRON? ) 
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English Abstract 

A method of screening protein crystal growth conditions with picogram to 
microgram amounts of protein in picoliter or nanoliter volumes is 
provided. A preferred method comprises a microarray with a plurality of 
micro-chambers in the microarray . A protein solution is placed into the 
micro-chambers by an automated dispensing mechanism. The protein crystal 
growth conditions of each of the micro-chambers is adjusted so that-the 
protein crystal growth conditions in at least two of the micro -chambers 
differs. Crystallization of the protein solution in the micro-chambers is 
effected. Protein crystal growth in the micro-chambers is then observed. 

French Abstract 

La presente invention concerne un precede de criblage des conditions de 
tirage de cristaux de proteine en des quant itesde picogrammes a 
microgrammes de proteine en des volumes de picolitres ou nanolitres. Dans 
un mode de realisation prefere, le procede comprend un jeu ordonne de 
microechantillons avec une pluralite de micro-cavites dans le jeu ordonne 
de microechantillons. Une solution de proteine est placee dans les 
micro-cavites au moyen d'un mecanisme de distribution automatise. Les 
conditions de tirage de cristaux de proteine dans chaque micro-cavite 
sont reglees de sorte que les conditions de tirage de cristaux de 
proteine sont differentes dans au moins deux micro-cavites. La 
cristallisation de la solution de proteine est effectuee dans les 
micro-cavites. On observe ensuite le tirage de cristaux de proteine. 
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A REAGENT SYSTEM AND METHOD FOR INCREASING THE LUMINESCENCE OP 
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English Abstract 

Disclosed are a spectrof luorimetrical ly detectable luminescent 
composition and processes for enhancing the luminescence of one or more 
I anthanide - con: air.inc macrocvrles . The luminescent composition comprises 



a micelle-producing amount of at i«qt 

energy transfer acceptor lanthanide IteZl SUrfactant - " least one 
emission spectrum peak in the range fill ^ 00^1?^ havi ^ an 

luminescence-enhancing amount of at w I 950 nano ™eters, and a 
compound of yttrium or a 3-valent Lnrhfn'S f"" 97 transfer donor 
59-71 provided that the lanthanide element haVin9 at0mic number 

and the lanthanide element of said enerSv t r =Lf ld / aCr ° Cycle c ™P°und 
identical. The- addition of gadoUniumUni in ^ C ° mp ° Und are not 

solutes to both the prototype and IZ l<l • the P resen ce of other 
samarium, and terbium " Syc ™? lfunctl ° na l^d europium, 
U.S. patents #5,373, 093 aS #5 69 6 2 I5 enh' WhlC \ Were ta ^t in our 
Similar enhancement; of luminescence L« ^ their lumi n^cence. 
mono-functionalized ,1, 30 resul ts for the 

complexes, wnich were taSht ' inT"^ "* tSrbium ™«ocyclic 
luminescence afforded J?TE cCnp^icion 22E # ^' 24 °- The enha ^ 
quantitation of many analvtes ?n ?1 3bleS the detection and/or 

expensive, complicace^^^ the use of 

French Abstract 

P-S-Sfjuor^ luminescente detectable 

luminescence d'un ou de pJusieurs ttr ptoc ' dea d ' a »tation de la 
composition luminescence'comprend unTS Ite^" , lanthanidi ^ . Cette 
d'au moins un tensioactif i !l Q^antite de production micellaire 
lanthanidique accepted de trans e^ene'ra^ 6 macrocycli <^ d' element 
spectre d ■ emission compris entre loo et lit nZL^^ U " pic de 
d ' augmentation de luminescence d'au J^„? nanometres, et un niveau 
de transfert energetique ou un element LI"? C °", P ° Se de yttrium donneur 
nombre atomique compris entre 59 ^nthamdique trivalent ayant un 

lanthanidique du compose macrocycHaue'et 1 S J eserve 1 'dement 
compose donneur de transfert S H m 1' element lanthanidique du 
L'ajout de gadolinium (Ilir.n n^ 9 ^ / 8 S01ent pas Antiques, 
les complexes macrocyclijues nro^^ 6 d '*f " S S ° lutes a la fo " dans 
1' europium, le samarium ^t if ttr^ f defonct ™alises comme 
NdegreesS,373,093 et 5 696 240 ! ' danS leS brevets OS 

luminescence. En outre on'neut oh^ ef fet d'augmenter leur 
les complexes macrSc"iiSues mono fon^r* j uminescen « similaire avec 
samarium, et le terbium Merits d,nc ^ T allS6S COmme Europium, le 
luminescence augment obSe grace a UST US " . Nde 9«es5, 696, 240 . La 
detecter et/ou de guantifi-r n,n=? }' com P oslt ion permet de 

concentrations sLfavoxr a utJSiS'S danS de faibles 

resolution temporelle :omp a iSe s :t r cSrs SyStemeS * deteCti ° n 3 
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English Abstract 

Method for specific detection of one or more analytes in a sample. The 
method includes specifically associating any one or more analytes in the 
sample with a scattered- light detectable particle, illuminating any 
particle associated with the analytes with light under conditions which 
produce scattered light from the particle and in which light scattered 
from one or more particles can be detected by a human eye with less than 
500 times magnification and without electronic amplification. The method 
also includes detecting the light scattered by any such particles under 
those conditions as a measure of the presence of the analytes. 

French Abstract 

L' invention concerne un procede de detection specif ique d'un ou de 
plusieurs analytes dans un echantillon. Le procede comporte les etapes 
consistant a associer de maniere specifique un ou plusieurs analytes 
presents dans 1 ' echantillon a une particule detectable a lumiere 
diffusee, eclairer une particule associee aux analytes au moyen de 
lumiere dans des conditions qui permettent la production de lumiere 
diffusee provenant de la particule ainsi que la detection de lumiere 
diffusee provenant d'une ou de plusieurs particules, a 1'oeil humain avec 
un grossissement inferieur a x 500 et sans amplification electronique. Le 
procede comprend egalement la detection de la lumiere diffusee par une de 
ces particules dans les conditions citees comme mesure de la presence des 
analytes. * 
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ANALYTE ASSAY USING PARTICULATE LABELS 

DETECTION D 1 ANALYTES A L 1 AIDE DE MARQUEURS PARTICULAIRBS 

Patent Applicant/Assignee: 

S PECTRAMETR IX INC, SPECTRAMETRIX INC. , 6450 ­ E106 Lusk Boulevard, 
San Diego, CA 92121 , US 
Inventor (s) : 

YGUERABIDE Evangelina E, YGUERABIDE, Evangelina, E. , 9505 Poole Street' 
La Jolla, CA 92037 , US 

KOHNE David E, KOHNE, David, E . , 364 Nautilus Street, La Jolla, CA 92037 
, US 

JACKSON Jeffrey T, JACKSON, Jeffrey, T. , 12738 Casa Avenida, Poway, CA 
92064 , US 

Patent and Priority Information (Country, Number, Date) : 
?atent: WO 9740181 Al 19971030 

Application: WO 97US6584 19970417 (PCT/WO US9706584) 

Priority Application: US 9616383 19960425 
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Main International Patent Class: C12N-015/87; 
International Patent Class: G03G-005/00; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 61788 
English Abstract 

Method for specific detection of one or more analytes in a sample. The 
method includes specifically associating any one or more analytes in the 
sample with a scattered­ light detectable particle, illuminating any 
particle associated with the analytes with light under conditions which 
produce scattered light from the particle and in which light scattered 
from one or more particles can be detected by a human eye with less than 
500 times magnification and without electronic amplification. The method 
also includes detecting the light scattered by any such particles under 
those conditions as a measure of the presence of the analytes. 

French Abstract 

Procede permettant la detection specif ique d'un ou plusieurs analytes 
dans un echantillon, qui consiste a associer specif iquement un ou 
plusieurs analytes presents dans 1 ' echantillon a une particule detectable 
par la dispersion de lumiere, et a eclairer toute particule associee aux 
analytes avec de la lumiere dans des conditions permettant aux particules 
de produire une lumiere dispersee et dans lesquelles la lumiere dispersee 
par une ou plusieurs particules peut etre detectee par l'oeil humain a 
une amplification inferieure a 500 fois et sans amplification 
electronique. Ledit procede consiste egalement a detecter la lumiere 
dispersee par l'une quelconque de ces particules dans lesdites conditions 
pour permettre d' identifier la presence des analytes. 
?s enzyme (n2 0) assay (n20) microarray 
50388 ENZYME 
4 8707 ASSAY 

785 MICROARRAY 
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REAGENTS AND METHODS FOR IDENTIFYING AND MODULATING EXPRESSION OF GENES 
REGULATED BY p21 

REACTIFS ET PROCEDES D » IDENTIFICATION, ET DE MODULATION D 1 EXPRESSION, DU 
GENE REGULE PAR p21 

Patent Applicant/Assignee: 

BOARD OF TRUSTEES OF THE UNIVERSITY OF ILLINOIS, 352 Henry Administration 
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(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 

(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW SD SL SZ TZ UG ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Main International Patent Class: C12N-015/12 
International Patent Class: C07K-014/47; G01N-033/68 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 26048 
English Abstract 

This invention provides methods and reagents for identifying genes 
involved in cell cycle progression, growth promotion, modulation of 
apoptosis, cellular senescence and aging, and methods for identifying 
compounds that inhibit or potentiate cellular senescence, regulated by 
p21. 

French Abstract 

L 1 invention concerne des procedes et reactifs d ' identification de genes 
impliques dans la progression du cycle cellulaire, le developpement de la 
croissance, la modulation de l'apoptose, la senescence et le 
vieillissement des cellules; elle concerne egalement des procedes 
d' identification de composes inhibant ou potentialisant la senescence des 
cellules regulee par p21. 

Legal Status (Type, Date, Text) 

Publication 20001019 J^l With international search report. 
Examination 20001116 Request for preliminary examination prior to end of 

19th month from priority date 
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QUANTITATIVE ASSAY FOR EXPRESSION OP GENES IN MI CRO ARRAY 

BIOANALYSE QUANTITATIVE D 1 EXPRESSION DE GENES DANS DES MICROECHANTILLONS 

Patent Applicant/Assignee: 
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Patent Applicant/ Inventor : 

WANG Eugenia, 3755 Chemin de la Cote Ste-Catherine Road, Montreal, Quebec 
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TM TR TT TZ UA UG UZ VN YU ZA ZW 

(EP) AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE 
(OA) BF BJ CF CG CI CM GA GN GW ML MR NE SN TD TG 
(AP) GH GM KE LS MW SD SL SZ TZ UG ZW 
(EA) AM AZ BY KG KZ MD RU TJ TM 
tfain International Patent Class: CI2Q-001/68 



Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 14178 

English Abstract 

A method has been developed for detection of gene expression or 
hybridization in microarrays, for example, in combinatorial libraries 
where quantities are very small and spots located very closely, resulting 
in uncomfortable situations where intense reaction can spill over into 
the adjacent spots, and therefore obscure the accuracy of the reaction of 
the neighboring sites. The assay uses a digoxigenin enzyme assay 
for detection. A method for enhancing the reliability of analysis of 
expression of DNA in microarray formats has also been developed, using 
software analysis that normalizes the spots. This process uses deformable 
template techniques to quantify large-scale array data automatically, 
despite possible spatial distortion of the arrays. Each node in the 
deformable template represents a gene spot, and iterates according to the 
gradient descent rule, which minimizes an energy function combining data 
mismatch energy and template deformation energy. 

French Abstract 

L' invention concerne une methode mise au point pour la detection 
d' expression ou d' hybridation de genes dans des microechantillons, par 
exemple dans des bibliotheques combinatoires dans lesquelles les 
quantites sont minimes et les emplacements tres rapproches, pouvant 
provoquer des situations indesirables dans lesquelles une reaction 
intense peut deborder sur les emplacements adjacents et, par consequent, 
fausser 1' exactitude de la reaction des sites voisins. On utilise dans 
cette bioanalyse un test, d' activite enzymatique de digoxigenine pour la 
detection. L' invention concerne egalement une methode mise au point dans 
le but d'ameliorer la fiabilite de 1' analyse de 1' expression d'ADN dans 
des microechantillons, par analyse inf ormatique destinee a normaliser les 
emplacements. Ce procede fait appel a des techniques basees sur des 
modeles adaptables permettant de quantifier automat iquement des donnees 
d'echantillons a grande echelle, en depit d'une possible distorsion 
spatiale des echantillons . Chaque noeud du modele adaptable represente 
1 1 emplacement d'un gene, et se repete selon la regie de descente de 
gradient, minimisant une fonction energie combinant 1 ' energie de 
desadaptation des donnees et 1' energie d' adaptation du modele. 

Legal Status (Type, Date, Text) 

Publication 20001012 A2 Without international search report and to<be 

republished upon receipt of that report. 

Examination 20010104 Request for preliminary examination prior to end of 

19th month from priority date 
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COMPOSITION AND METHOD FOR IN VIVO AND IN VITRO ATTENUATION OP GENE 

EXPRESSION USING DOUBLE STRANDED RNA 
COMPOSITION ET METHODE DESTINEES A L 1 ATTENUATION IN VIVO ET IN VITRO DE 

L» EXPRESSION GENIQUE UTILISANT DE L'ARN DOUBLE BRIN 
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Main International Patent Class: C12N-015/63 

International Patent Class: A01K-067/027 ; A61K-031/713 

Publication Language: English 

Filing Language: English 

Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 13 975 
English Abstract 

Introduction of double stranded RNA into cells, cell culture, organs and 
tissues, and whole organisms, particularly vertebrates, specifically 
attenuates gene expression. 

French Abstract 

La presente invention concerne 1 ■ introduction d ' ARN double brin dans des 
cellules, des cultures de. cellules, des organes et des tissus, et dans 
des organismes entiers, en particulier de vertebres, qui permet 
d'attenuer specif iquement 1' expression genique. 

Legal Status (Type, Date, Text) 

Publication 20000803 Al With international search report. 

20000803 Al Before the expiration of the time limit for 

amending the claims and to be republished in the 
event of the receipt of amendments. 
20000914 Later publication of amended claims under Article 19 

received: 20000717 
20001102 Request for preliminary examination prior to end of 
19th month from priority date 
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EMBRYONIC STEM CELLS 

CELLULES SOUCHES EMBRYONNAIRES 
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Patent and Priority Information (Country, Number , Date) . 
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(EA) AM AZ BY. KG KZ MD RU TJ TM 
Main International Patent Class: C12N-005/00 
International Patent Class: C12N-005/08 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 12546 
English Abstract 

nf llliA- S and ln P ar ticular the product" o<= h« man pq « • - 

of yielding somatic differentiated rv»n= ^ wu " t -- io " 01 numan ES capaoie 

progenitor cells capable of q"£2 rl«%« ! ° ' 38 WeU as cc ™itted 
thereof. In one aspect of the S2eS InSn^ e ^ 0matiC CSllS and uses 
purified preparation of undirferenciated huLn^ • " Pr ° Vided a 

capable of proliferation in vi^rf ? n embr y° ni c stem cells 

a somatic cell differentiated Wt2 T*" aSP8Ct ' there is P rovided 
embryonic stem cell There if »tL Vltr ° from an undifferentiated 

, capable of givinfrise^Tmature^oStlclells 0 ^^^' 1 Pr09enit0r ^ 

French Abstract 

invention. propo.. ™ p«p£^ n ° ? £ Ln'dn '^.JnTSXT'' 

v«£~:^r^ in 

Legal Status (Type, Date, Text) 

Examin^ 011 20000518 A1 With international search report 
Examination 20000629 Request for preliminary examinaS' prior to end of 

19th month from priority date 
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GENETIC INHIBITION BY DOUBLE - STRANDED RNA 



INHIBITION GENETIQUB PAR DE L'ARN DOUBLE BRIM 

Patent Applicant/Assignee: 

THE CARNEGIE INSTITUTE OF WASHINGTON, THE CARNEGIE INSTITUTE OF 

WASHINGTON, 1530 P Street, N.W., Washington, DC 20005 
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S GN GW S £ Se SN S 5 GB GR IE " LU MC NL PT SE BF BJ CF CG CI CM 
Main International Patent Class: C12N-015/11; 
International Patent Class: C12N-015/63; C12N-015/82- 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detaile4 Description 

Claims 

Fulltext Word Count: 14720 
English Abstract 

A process is provided of introducing an RNA into a living cell to inhibit 
Stir 581011 ° f 3 9Sne ln that Cel1 - The P-cess may £ 

with dnnh/ I e V^ VO< A> ° r K L> in vivo< ■ The has a region 

with double -stranded structure. Inhibition is sequence-specific in that 

of tS^S 1 ? SeqUenCeS ° f the du P le * ^gion of the RNA and of a portfon 
?rom orJor^^ 96 ^ ldentical - The P«sent invention is distinguished " 

^ r ShS^ latarfCrWCa in 96116 ^ «t isense or triple- 

French Abstract 

i^in^iT /° rte SUr Un P rocede P°^ant s-operer < i> ex vivo< /i> ou < 
Pour in^Iber 7 ! 1 ^ 11818 ^ 11 " * introdui " de 1 ' ARN dans une cellule vivante 
nncLnf expression genique d'un gene cible de cette cellule L'ARN 

S?" tl e re91 ° n 3 Structure doub ^ ^in. L- inhibition est specifiq^ 
d une sequence en ce sens que les sequences nucleotidiques de la reoion 

invention 112? V™* *™ tiB du ^ e cible sont liquet LaSfe 
invention differe des interferences avec 1' expression genioue des 
techniques anterieures par 1 'utilisation de precedes anuie^s ou a triple 

?s enzyme? ?/cm and assay? ?/ C m and microarray? ?/cm 
15325 ENZYME? ?/CM 
9249 ASSAY? ?/CM 
167 MICROARRAY? ?/CM 

'S enllL* ^ ,^ ZYME? ?/CM A 1113 ASSAY? ?/CM AND MICROARRAY? ?/CM 
■s enzyme? ?cm (n20) assay? ?/cm (n20) microarray? ?/cm 
0 ENZYME? ?CM/CM 
924 9 ASSAY? ?/CM 
167 MICROARRAY? ?/CM 
S19 o ENZYME? ?CM (N2CS ASSAY? ?/CM (N20) MICROARRAY? ? /CM 
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9249 ASSAY? ?/CM 
167 MICROARRAY? ?/CM 

(peptide? vloTpro^ <*20) MICROARRAY? ?/CM 

21855 PEPTIDE? ?/CM ?/cm (n20 > MICROARRAY? ?/CM 

29305 PROTEIN? ?/CM 
9249 ASSAY? ?/CM 
167 MICROARRAY? ?/CM 

" MlSm? 7 ?/^ PR0TEIN? ?/CM) < N2 °> ASSAY? ?/ CM (N20, 
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English Abstract 

kits for the use of such arr^ fx described. Also disclosed are 
with them. arrayS and the Preparation of probes for use 

French Abstract 

. .^Sptid-^ m0le -^s, par exemple 

d'uti?i S a?io7a s tZll^t:Ti a T S dS Pr0ducti - " 
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preparation de sondes s'utilisant avec ceux-ci. 
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UBIQXTITIN- LIKE CONJUGATING PROTEIN 
PROTEINE DE CONJUGAISON DU TYPE UBIQTJITINE 

Patent Applicant/Assignee: 
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English Abstract 

This invention relates to ordered arrays of molecules, for instance 
polypeptides or proteins. Such arrays, referred to as universal protein 
arrays, are described in both macro- and microarray formats. Methods of 
production and use of such arrays are also described. Also disclosed are 
kits for the use of such arrays and the preparation of probes for use 
with them. 

French Abstract 

L' invention a trait a des groupements ordonnes de molecules, par exemple 
de polypeptides ou de proteines. Ces groupements, appeles groupements 
universels de proteines, sont decrits dans des formats de 
macrogroupements et de microgroupements . Des procedes de production et 
d ' uzi I i sac ion de ces groupements sont egalement decrits. L ' invention 



concerne egalement des trousses utiles pour ces groupements et pour la 
preparation de sondes s'utilisant avec ceux-ci. 
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English Abstract 

The invention provides a human ubiquitin-like conjugating protein (UBCLE) 
and polynucleotides which identify and encode UBCLE. The invention also 
provides expression vectors, host cells, antibodies, agonists, and 
antagonists. The invention also provides methods for treating 'or 
preventing disorders associated with expression of UBCLE. 

French Abstract 

Cette invention se rapporte a une proteine de conjugaison du type 
ubiguitine humaine (UBCLE) et a des polynucleotides qui identif ient et 
codent cette proteine (UBCLE) . Cette invention presente egalement des 
vecteurs d' expression, des cellules hotes, des anticorps, des agonistes 
et des antagonistes, ainsi que des procedes pour traiter ou prevenir des 
rroucles assccies a- 1 * expression de cette proteine (UBCLE). 
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French Abstract 

Cette invention se rapporte a des phosphatases humaines (HPA) et a des 
& cleotides qui identifient et codent ces phosphatases HPA Cet^e 
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English Abstract 

Ide"Vl en ^f a ^ d " hu ? an Phosphatases (HPA) and polynucleotides which 
•' anu e - 4 - oas * H ; invention also provides expression vectors, 



host cells, antibodies, agonists, and antagonists. The invention also 
provides methods for treating disorders associated with expression of 



HPA 

French Abstract 

Cette invention se rapporte a des phosphatases humaines (HPA) et a des 
polynucleotides qui identifient et codent ces phosphatases HPA. Cette 
invention presente egalement des vecteurs d ■ expression, des cellules 
hotes, des anticor^s, des agonistes et des antagonistes , ainsi que des 
procedes pour traiter les troubles associes a 1' expression de 
phosphatases HPA. 
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English Abstract 

The invention provides human tumor necrosis f actor-R2 -like proteins 
(TR2P) and polynucleotides which identify and encode TR2P . The invention 
also provides expression vectors, host cells, antibodies, agonists, and 
antagonists. The invention also provides methods for treating or 
preventing disorders associated with expression of TR2P. 

French Abstract 

L* invention porte sur des proteines du type facteur humain de necrose 
tumorale R2 (TR2P) et sur. des polynucleotides codant pour les TR2P, sur 
des vecteurs d • expression, des cellules hotes, des anticorps, des 
agonistes et des antagonistes, et sur des procedes de traitement ou 
prevention de troubles associes a 1' expression des TR2P. 
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English Abstract 

The invention provides a human cyclic GMP phosphodiesterase (PDE9A) and 
polynucleotides which identify and encode PDE9A. The invention also 
provides expression vectors, host cells, antibodies, agonists, and 
antagonists. The invention also provides methods for treating or 
preventing disorders associated with expression of PDE9A. 

French Abstract 

L' invention concerne une photodiesterase de GMP cycligue (PDE9A) et des 
polynucleotides qui identifient et codent PDE9A. Elle porte aussi sur des 
vecteurs d' expression, des cellules hotes, des anticorps, des agonistes 
et des antagonistes, ainsi que sur des methodes de traitement ou de 
prevention de troubles associes a 1' expression de PDE9A. 
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Detailed Description 

Claims 
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English .Abstract 

The invention provides two human G-protein coupled receptors associated 
with immune response (GRIR) and polynucleotides which identify and encode 
GRIR. The invention also provides expression vectors, host cells, 
antibodies, agonists, and antagonists. The invention also provides 
methods for treating or preventing disorders associated with expression 
of GRIR. 

French Abstract 

La presente invention concerne deux recepteurs humains couples a la 
proteine G associes a une reaction immunitaire (GRIR) , ainsi que des 
polynucleotides identifiant et codant les GRIR. Cette invention concerne 
par ailleurs des vecteurs d ' expression, des cellules hotes, des 
anticorps,. des agonistes et des antagonistes . Enfin, cette invention 
concerne des procedes de traitement et de prevention des troubles 
associes a 1' expression des GRIR. 
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English Abstract 

The invention provides a human growth-related CDC10 homolog (GRSEP) and 
polynucleotides which identify and encode GR-SEP. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating and 
preventing disorders associated with expression of GR-SEP. 

French Abstract' 

La presente invention concerne un homologue CDC10 (GR-SEP) associe a la 
croissance humaine et des polynucleotides qui identifient et codent pour 
GR-SEP. Cette invention concerne egalement des vecteurs d' expression, des 
cellules notes, des agonistes, des anticorps et des antagonistes . 
L' invention concerne, en outre, des procedes de traitement et de 
prevention des troubles associes a une expression de GR-SEP. 
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HUMAN PROTEIN KINASE AND KINASE INHIBITORS 

PROTEINS KINASE HUMAINE ET INHIBITEURS DE KINASE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS , INC . , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s): 

LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 , US 
HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, 

Mountain View, CA 94040 , US 
BANDMAN Olga, BANDMAN, Olga , 366 Anna Avenue, Mountain View, CA 94043 , 

US 

CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 
94040 , US 

SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 
94087 , US 

Patent and Priority Information (Country, Number, Date).: 
Patent: WO 9927080 A2 19990603 

Application: WO 98US24100 19981112 (PCT/WO US9824100) 

Priority Application: US 97977816 19971125 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-009/12; 

International Patent Class: C12N-015/54; C12N-005/10; C12N-001/21; 

A61K-038/45; C07K-016/40; C12P-021/02; C12Q-001/68; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 
.Detailed Description 

Claims 

Fulltext Word Count: 23923 
English Abstract 

The invention provides a human protein kinase (PK) and kinase inhibitors 
(PKI) and polynucleotides which identify and encode PK and PKI . The 
invention also provides expression vectors, host cells, agonists, 
-antibodies and antagonists-. The invention, also provides methods for 
diagnosing, treating or preventing disorders associated with expression 
of PK and PKI. 



French Abstract 



L| invention concerne une proteine kinase humaine (PK) , des inhibiteurs de 
kinase (PKI) , et des polynucleotides qui identifient et codent pour PK et 
PKI. L f invention concerne egalement des vecteurs d ' expression, des 
cellules notes, des agonistes, des anticorps et des antagonistes . 
L' invention concerne, en outre, des procedes de diagnostic, de traitement 
ou de prevention des troubles associes a une expression de PK et de PKI. 
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HUMAN PHOSPHOLIPASE A2 PROTEIN AND DNA ENCODING IT 

PROTEINE DE TYPE PHOSPHOLIPASE A2 D 1 ORIGINS HUMAINE ET ADN LA CODANT 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HAWKINS Phillip R, HAWKINS, Phillip, R . , 750 N. Shoreline Boulevard &96, 

Mountain View, CA 94034 , US 
BAND MAN Olga, BAND MAN, Olga , 366 Anna Avenue, Mountain View, CA 94043 , 

US 

GUEGLER Karl J, GUEGLER, Karl, J. , 1048 Oakland Avenue, Menlo Park CA 
94025 , US 

SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 
94087 , US 

CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 
94040 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9924587 A2 19990520 

Application: WO 98US23555 19981104 (PCT/WO US9823555) 

Priority Application: US 97966317 19971107 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/55 ; 

International Patent Class: C12N-009/20; C12N-015/70 ; C12N-005/10; 

C12P-021/00; A61K-038/46; C12Q-001/68; C07K-016/40; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19071 
English Abstract 

The invention provides a human phospholipase A2 protein PHPLA2 and 
polynucleotides which identify and encode PHPLA2 . The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of PHPLA2 . 

French Abstract 

La presente invention concerne une proteine de type phospholipase A2 
d'origine humaine, la PHPLA2 et des polynucleotides qui identifient et 
code la PHPLA2 . L' invention concerne egalement des vecteurs d 1 expression, 
des cellules hotes, des agonistes, des anticorps, et des antagonistes. . 
L' invention concerne enfin des traitements concernant des troubles lies a 
I 1 expression de la PHPLA2 . 
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SUPPRESSOR OF CYTOKINE SIGNALING 
SUPPRESSEUR DE LA SIGNAL I SATION CYTOKINAIRE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS , INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, 

Mountain View, CA 94040 , US 
SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 

94087 , US 

CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 
94040 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9923220 Al 19990514 

Application: WO 98US22930 19981028 (PCT/WO US9822930) 

Priority Application: US 97963165 19971103 

Designated States: AL AM AT £U A2 BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
' CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/12; 

International Patent Class: C07K-014/47; C12N-015/70; C12N-001/21; 

A61K-038/17; C07K-016/18; C12Q-001/68; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19198 
English Abstract 

The invention provides a human suppressor of cytokine signaling (HSCS-1) 
and polynucleotides which identify and encode HSCS-1. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of HSCS-1. 

French Abstract 

La presente invention concerne un suppresseur humain de la signalisation 
cytokinaire (HSCS-1) et des polynucleotides identifiant et codant le 
HSCS-1. L' invention concerne egalement des vecteurs d' expression, des 
cellules hotes, des agonistes, des anticorps, et des antagonistes . 
L' invention concerne enfin le traitement de troubles associes a 
1* expression du HSCS-1. 
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HUMAN VESICLE MEMBRANE PROTEIN-LIKE PROTEINS 

PROTEINES DE TYPE PROTEINS DE MEMBRANE DE VESICULE HUMAINE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, 

Mountain View, CA 94040 , US 
YUE Henry, YUE, Henry , 826 Lois Avenue, Sunnyvale, CA 94087 , US 
CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue £30, Mountain View, CA 

94040 , US 

LAL Preeti, LAL, Preeti \ 2382 Lass Drive, Santa Clara, CA 95054 , US 
SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 
94087 , US 

Patent and Priori tv Information ''Country, Number.. Date) : 



Patent: WO 9921994 A2 19990506 

Application: WO 98US21730 19981014 (PCT/WO US9821730) 

Priority Application: US 97959004 19971028 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP 'KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N- 015/ 12 ; 

International Patent Class: C07K-014/47; A61K-038/17; C12N-015/11; 

A61K-031/70; C07K-016/18; A61K-03 9/395 ; C12Q-001/68; G01N-033/68; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 24126 
English Abstract 

The invention provides three human vesicle membrane protein-like proteins 
(VMP) and polynucleotides which identify and encode VMP. The invention 
also provides expression vectors, host cells, agonists, antibodies, and 
antagonists. The invention also provides methods for treating and 
preventing disorders associated with expression of VMP. 

French Abstract 

• L' invention concerne trois proteines de type proteines de membrane de 
vesicule humaine (VMP) et des polynucleotides qui identifient et codent 
ces VMP. La presente invention concerne egalement des vecteurs, des 
cellules hotes, des agonistes, des anticorps et des antagonistes . Elle 
concerne encore des procedes de traitement et de prevention de troubles 
associes a 1» expression des VMP . 
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MAMMOGLOBIN HOMOLOG 
HOMOLOGUE DE LA MAMMOGLOBINE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, 

Mountain View, CA 94040 , US 
SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 

94087 , US 

MURRY Lynn E, MURRY, Lynn, E. , 1124 Los Trancos Road, Portola Valley, CA 
94 02 8 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9919487 Al 19990422 

Application: WO 98US21729 19981014 (PCT/WO US9821729) 

Priority Application: US 97951750 19971016 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/12; 

International Patent Class: C07K-014/47; A61K-038/17; G01N-033/53; 

C12Q-001/68; C12N-015/11; A61K- 03 1/ 70 ; C07K-016/18; A61K- 03 9/3 95 ; 
Publication Language: English 
Filing Language: -English 
Fulltext Availability: 

-•-tailec Description 



Claims 

Fulltext Word Count: 18940 



English Abstract 

The invention provides a human mammoglobin homolog (HMH) and 
polynucleotides which identify and encode HMH . The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for diagnosing, treating 
or preventing disorders associated with expression of HMH. 

French Abstract 

L' invention porte sur un homologue de la mammoglobine humaine (HMH), sur 
des polynucleotides 1 1 identif iant et codant pour elle, sur des vecteurs 
d'expression, des cellules notes, des agonistes, des anticorps, et des 
antagonistes. Elle porte egalement sur des procedes permettant de 
diagnostiquer, traiter, ou prevenir des troubles associes a 1- expression 
de la HMH. 
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00636397 

CELL DIVISION REGULATORS 

REGULATEURS DE LA DIVISION CELLULAIRE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, 

Mountain View, CA 94040 , US 
BANDMAN Olga, BANDMAN, Olga , 366 Anna Avenue, Mountain View, CA 9404j , 

US 

LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 , US 
SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 
94087 , 'US 

CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 
94040 , US 

Patent and Priority Information (Country, Number, Date) : 
. Patent- WO 9919486 Al 19990422 

Application: WO 98US21728 19981014 (PCT/WO US9821728) 

Priority Application: US 97951148 19971015 

Designated States: AL AM AT AU AZ BA BB BG BR BY. CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/12 ; 

International Patent Class: C07K-014/47; A61K-038/17; C07K-016/18; 

G01N-033/566; C12Q-001/68; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 23027 
English Abstract 

The invention provides three human cell division regulators (HCDR) and 
polynucleotides which identify and encode HCDR. The inventin also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for preventing and 
treating disorders associated with expression of HCDR. 

French Abstract / - , 

L' invention porte sur trois regulateurs de la division de la cellule 

• humaine (HCDR), sur des polynucleotides 1 ' identif iant et codant pour eux, 
■c-iv d*c .-^-eu-s d'exc-ess-cn, des cellules notes, des agonistes, des 



! fc ^ SS anta 9onistes. Elle porte egalement sur des precedes 
? e eSre^ion e derS tlqUer ' ° U "f™** — .trouble! associes a 
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00636394 

HUMAN PROGESTERONE RECEPTOR COMPLEX P23-LIKE PROTEIN 

PROTEINS DE TYPE P23 DE COMPLEXE DE RECEPTEUR DE PROGESTERONE HUMAIN 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC , INCYTE PHARMACEUTICALS INC 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

YUE Henry, YUE, Henry , 826 Lois Avenue, Sunnyvale, CA 94087 US 
^O^'us 0 ' C ° RLEY ' NSi1 ' C * ' 1240 ° ale A-nue'^o/ZItain'view, CA 

SH 9Jo8? r y i TO SHAH ' ' 1608 QUeSn Charlotte Drive &5 < Sunnyvale, CA 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9919483 Al 19990422 

Application: WO 98US21402 19981009 (PCT/WO US9821402) 

Priority Application: US 97948197 19971009 

De pr 9 nn t ^ o5 atSS: ^ m AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
in 2 °? GM HR ™ ID IL IS JP ^ ^ KP KR KZ LC LK LR LS LT LU L V MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 

3 Z Sr s S S S 0B GR IE IT lu " c NL PT SE » BJ » « - ™ « » 

Main International Patent Class: C12N-015/12; 

International Patent Class: C12N-005/10; C12N-001/21; C07K-014/47- 

C07K-016/18; C12Q-001/68; G01N-033./50 ; A61K-038/17; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description " 

Claims 

Fulltext Word Count: 19771 
English Abstract 

The invention provides a human progesterone receptor complex p23- like 
protein (PR23P) and polynucleotides which identify and encode PR23P The 
invention also provides expression vectors, host cells, agonists, 
antibodies and antagonists. The invention also provides methods for 
treating and preventing disorders associated with expression of PR2 3P . 

French Abstract 

L'invention concerne une proteine de type p23 de complexe de recepteur de 
pp??d fy° nS Umain (PR23P) et des Polynucleotides identifiant et codant 

f, : L i nventl on concerne egalement des vecteurs d • expression, des 
cellules notes, des agonistes, des anticorps et des antagonistes. 
L invention concerne enfin des methodes de traitement et de prevention de 
troubles associes a !• expression de PR23P . 
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VESICLE TRANSPORT ASSOCIATED PROTEINS 
PROTEINES ASSOCIEES AU TRANSPORT DES VESICULES 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174* F 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

rf- uLMAN Jennifer L , HILLMAN, Jennifer, L . , 230 Monroe Drive &12, 



Mountain View, CA 94040 , US 
LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 - # . US 
SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 

94087 , US 

CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 
94040 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: .WO 9919482 A2 19990422 

Application: WO 98US21314 19981009 (PCT/WO US9821314) 

Priority Application: US 97948616 19971010 
Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 

FI GB GE GH GM HR-HU.ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 

MG MK MN MW MX NO NZ PL PT RO RU SD SE SG -SI SK SL TJ TM TR TT UA UG US 
• UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 

CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 

GW ML MR NE SN TD TG 
Main International Patent Class: C12N-015/12; 

International Patent Class: C07K-014/705 ; C07K-014/47 ; A61K-038/17 ; 

C12Q-001/68; C07K-016/28; ■ C07K-016/18; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: ■ 

Detailed Description 

Claims 

Fulltext Word Count: 23303 
English Abstract 

The invention provides human vesicle transport associated proteins (VTAP) 
and polynucleotides which identify and encode VTAP. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of VTAP. 

French Abstract 

L' invention concerne des proteines humaines associees au transport des 
vesicules et des polynucleotides identifiant et codant ces proteines. 
L' invention concerne egalement des vecteurs d' expression, des cellules 
hotes, des agonistes, des anticorps et des antagonistes . L' invention 
concerne en outre des procedes permettant de traiter les desordres 
associes a 1' expression des proteines considerees. 
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CELL GROWTH REGULATOR 

REGULATETJR DE LA CROISSANCE CELL0LAIRE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS , INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 , US 
, CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 
94040 , US . 

SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 
94087 , US 

Patent and Priority Information (Country, Number, Date) : 
.Patent: WO 9915661 Al 19990401 

Application: WO 98US20001 19980922 (PCT/WO US9820001) 

Priority Application: US 97934845 19970922 

Designated States: AL' AM AT AU AZ BA BB . BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL. PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG : 

Main International Patent Class: C12N- 015/12 ; 



International Patent Class: C07K-014/47 ; C07K-016/18- A6lK-cnA/T7. 

C12Q-001/68; G01N-033/68; ' 038/17, 

Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19384 
English Abstract 

The invention provides a human cell growth regulator (CELR) and 
polynucleotides which identify and encode CELR. The invention also 
. provides expression vectors, host cells, agonists, antibodies and 

antagonists The invention also provides methods for treating disorders 
associated with expression of CELR. 

French Abstract 

rrp?pf n ^°H COnC r ne ? n re f ulateur de la croissance cellulaire humaine 
CELR) et des polynucleotides qui identifient et codent CELR. Elle porte 
aussi sur des vecteurs d ' expression, des cellules hotes, des agonistes et 
des antagonistes, ainsi que sur des methodes de traitement de troubles 
associes a 1' expression de CELR. 
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HUMAN UBIQUITIN-CONJUGATING ENZYMES 

ENZYMES DE CONJTJGAISON DE L'UBIQUITINE HUMAINE 

Patent Applicant/Assignee: 

- INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC 3174 Porter 

Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 US 
HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12 ' 
Mountain View, CA 94040 , US 

C °9iSo N ?"s q# C0RLEY ' N€i1 ' °* ' 1240 "°' MOUntain View < CA 

Patent and Priority Information (Country, Number, Date) • 
Patent: WO 9915659 A2 19990401 

Application: • WO 98US19970 19980922 (PCT/WO US9819970) 

Priority Application: US 97933750 19970923; US 97965689 19971106 
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MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/12; 

International Patent Class: C07K-014/47; A61K-038/17; C12N-015/63* 

C07K-016/18; C12Q-001/68; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 20372 
English Abstract 

The invention provides a human ubiquitin-conjugating enzyme (HUB I) and 
polynucleotides which identify and encode HUB I. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for diagnosing, treating 
or preventing disorders associated with expression of HUB I. ~ 

French Abstract 

-'invention concerns une enzyme de conjugaison de 1 'ubiquitine .humaine 



(HUBI) et des polynucleotides qui identifient et codent HUBI. L' invention 
porte egalement sur des vecteurs d' expression, des cellules notes, des 
agonistes, des anticorps et des antagonistes . L* invention se rapporte 
encore a des procedes de diagnostic, de traitement et de prevention de 
troubles associes a 1' expression d'HUBI. 
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RAS-LIKE PROTEIN 
PROTEINS DE TYPE RAS 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, 

Mountain. View, CA 94040 , US 
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MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C07K-014/00; 

Publication Language: English . 

Filing Language: English 

•Fulltext Availability: 
Detailed Description 
Claims 

Fulltext Word Count: 19603 

English Abstract 

The invention provides a human Ras-like protein (PRAS) and^ 
polynucleotides which identify and encode PRAS. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of PRAS. 

French Abstract 

L' invention concerne une proteine de type RAS (PRAS) humaine et des 
polynucleotides qui identifient et codent pour PRAS. L' invention concerne 
egalement des vecteurs d' expression, des- cellules hotes, des agonistes, 
des anticorps et des antagonistes. L' invention concerne egalement des 
methodes de traitement de troubles associes a 1' expression de PRAS. 
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00631264 

HUMAN PRL-1 PHOSPHATASE 
PHOSPHATASE PRL-1 HUMAINE 

Patent Applicant/Assignee : 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS , INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 

Inventor (s) : . , . 

AU- YOUNG Janice, AO- YOUNG ( Janice , 1419 Kains Avenue, Berkeley, CA 9470^ 



, us 
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UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/55; 

International Patent Class: C12N-009/16; A61K-038/46; C12Q-001/68- 

C12N-015/11; C07K-016/40; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 18833 

English Abstract 

The invention provides a human PRL-1 phosphatase (HPRL-1) and 
polynucleotides which indentify and encode HPRL-l. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of HPRL-1. 

French Abstract 

Cette invention concerne une phosphatase PRL-1 humaine (HPRL-1) et des 
polynucleotides qui identifient et codent HPRL-1; des vecteurs 
d' expression, des cellules notes, des agonistes, des anticorps et des 
antagomstes; ainsi que des procedes permettant de traiter des 
pathologies associees a 1' expression de HPRL-1. 
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HUMAN MACROPHAGE RECEPTOR MARCO 
RECEPTETO MACROPHAGE HUMAIN DE TYPE MARCO 

Patent Applicant/Assignee: 
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Inventor (s) : 
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MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/12; 



International Patent Class: C12N-015/11; C12N-015/70; C12N-001/21; 

C12Q-001/68; C07K-014/705 ; C07K-016/28; A61K-038/17; A61K-039/395 ; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19074 
. English Abstract 

The invention provides a human MARCO (MCCOL) and polynucleotides which 
identify and encode MCCOL. The invention also provides expression 
vectors, host cells, agonists, antibodies, and' antagonists . The invention 
also provides methods for treating and preventing disorders associated 
with expression of MCCOL. 

French Abstract 

La presente invention concerne un recepteur macrophage humain de type 
MARCO (MCCOL) et des polynucleotides qui identifient et codent MCCOL. La 
presente invention concerne egalement des vecteurs d' expression, des 
cellules hotes, des agonistes, des anticorps et des antagonistes . La 
presente invention concerne, en outre, des procedes de traitement et de 
prevention des troubles associes a 1' expression de MCCOL. 
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CXC CHEMOKINE 
CHIMIOKINE CXC 

Patent Applicant/ Assignee : 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 
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MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG- US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/19; 

International Patent Class: C07K- t 014/52 ; A61K-038/19; A61K-039/395 ; 

A61K-031/70; C12Q-001/68 ; G01N-033/68; C07K-016/24; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 20586 
English Abstract 

The invention provides a human CXC chemokine (I-TAC) and polynucleotides 
which identify and encode I-TAC. The invention also provides expression 
vectors, host cells, agonists, antibodies and antagonists. The invention 
also provides methods for treating disorders associated with expression ■ 



French Abstract 

L 1 invention concerne une chimiokine humaine CXC (I-TAC) et da« 
polynucleotides qui identifient et cedent cette I -tap t ??„ \ ■ 
concerne egalement des vecteurs d • expression Ll I 5* lr ™ entlon 
agonistes, des anticoros et all i ' f S cellules hotes, des 

outre des precedes reTatirs fu trait em2nr ^ ^' in r? ntion concerne en 
1- expression de ladite I-TAC traitement des doubles associes a 
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HUMAN SIGMA RECEPTOR 
RECEPTEUR SIGMA HDMAIN 

Patent Applicant/Assignee: 

Inventor (s) : 
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Mam International Patent Class: C12N-005/12 • 
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Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19242 
English Abstract 

French Abstract 

L- invention concerne un recepteur sigma humain (SIGR) et des " 
polynucleotides identifiant et codant ce SIGR. L< invention concerne 
egalement des vecteurs d'expression, des cellules hotel del aqonTstes 
orL a £ 1COr ? S St d6S an ^9onistes. L' invention concerne en out?e des 
precedes qui permettent de traiter les troubles associes a ?"exprfssion 
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NEW VRK1 KINASE 



NOUVELLE KINASE VRK1 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304, US 
Inventor (s) : 

YUE Henry, YUE, Henry, 826 Lois Avenue, Sunnyvale, CA 94087, US 
LAL Preeti, LAL, Preeti, 2382 Lass Drive, Santa Clara, CA 95054, US 
CORLEY Neil C, CORLEY, Neil, C, 1240 Dale Avenue &30, Mountain View, CA 
94040 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9911794 A2 19990311 

Application: WO 98US18524 19980904 (PCT/WO US9818524) 

Priority Application: US 97923469 19970904 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N- 015/54; 

International Patent Class: C12N-009/12; C12P-021/00; A61K-038/45- 

C12Q-001/68; C07K-016/40; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count:. 18918 
English Abstract 

The invention provides a new VRK1 kinase (NVRK1). and polynucleotides 
which identify and encode NVRK1 . The invention also provides expression 
vectors, host cells, agonists, antibodies and antagonists. The invention 
also provides methods for treating disorders associated with expression 
of NVRK1 .. 

French Abstract 

L'invention concerne une nouvelle kinase VRK1 (NVRK1) et des 
polynucleotides identifiant et codant- la NVRK1. L'invention concerne 
egalement des vecteurs d ' expression, des cellules hftes, des agonistes, 
des anticorps et des antagonistes . L'invention concerne, en outre, des 
methodes de traitemenf de troubles associes C 1' expression de la NVRK1. 
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HUMAN < i> act < /i> VA-ORF4-LIKE PROTEIN 

PROTEINE HUMAINE DE TYPE < i> act < /i> VA-ORF4 
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CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 
Main International Patent Class: C12N-015/53; 

International Patent Class: C12N-009/04; C12N-015/70; C12N-001/21- 

A61K-038/44; C07K-016/40 ; C12Q-001/68; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19727 
English Abstract 

The invention provides a human < i> act < /i> VA-0RF4-like protein (A- 
ORFP) and polynucleotides which identify and encode A-ORFP. The invention 
also provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of A-ORFP. 

French Abstract 

L' invention concerne une proteine humaine de type < i> act < /i> VA- 0RF4 
(A-ORFP) et des polynucleotides identifiant et codant A-ORPF. L' invention 
concerne egalement des vecteurs d ■ expression, des cellules hftes, des 
agonistes, des anticorps et des antagonistes . L' invention concerne aussi 
des methodes de traitement des troubles associes C 1' expression de 
A-ORPF. 
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HUMAN NUCLEOTIDE PYROPHOSPHOHYDROLASE 
NUCLEOTIDE PYROPHOSPHOHYDROLASE HUMAIN 
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Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19953 



English Abstract 

The invention provides a human nucleotide pyrophosphohydrolase (NTPPH-1) 
and polynucleotides which identify and encode NTPPH-1. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of NTPPH-1. 

French Abstract 

La presente invention concerne un nucleotide pyrophosphohydrolase humain 
(NTPPH-1) et des polynucleotides qui identifient et codent NTPPH- 1. 
L'invention concerne egalement des vecteurs d' expression, des cellules 
hotes, des agonistes, des anticorps et des antagonistes . L'invention 
concerne, en outre, des procedes de traitement de troubles associes a une 
expression de NTPPH-1. 
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NEW HUMAN G- PROTEIN COUPLED RECEPTOR 
RBCEPTEUR COUPLE A LA PROTEINE G HUMAINE 
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Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19172 
English Abstract 

The invention provides a human G-protein coupled receptor (GRecH) and 
polynucleotides which identify and encode GRecH. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of GRecH. 

French Abstract 

L'invention concerne un recepteur couple a la proteine G humaine (GRecH) 
et des polynucleotides qui identifient et codent GRecH. L'invention 
concerne egalement des vecteurs d ' expression, des cellules hotes, des 
agonistes,- des anticorps et des antagonistes .- L'invention concerne en 
outre des procedes qui permettent de traiter les troubles associes a 
1' expression de GRecH. 
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RAB PROTEINS 
PROTEINES RAB 
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Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 23097 

English Abstract 

The invention provides three human Rab proteins (RABP) and 
polynucleotides which identify and encode RABP. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of RABP. 

French Abstract 

L' invention porte sur trois proteines Rab humaines (RABP) et les 
polynucleotides qui les identifient et codent pour elles. Elle porte en 
outre sur des vecteurs d' expression, des cellules notes, des agonistes 
anticorps et antagonistes , et sur des procedes de traitement de troubles 
associes a 1' expression du RABP. 



31/5/28 

DIALOG (R) Pile 349:PCT Fulltext 

(c) 2001 WIPO/MicroPat. All rts. reserv. 
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UBC7-LIKE UBIQUTTIN- CONJUGATING ENZYME 

ENZYME DE CONJUGAISON DE L 1 UBIQuTTINE RESSEMBLANT A UBC7 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

.LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 US 
CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue, &30, Mountain ' View 
CA 94040 , US 

patent and Priority Information (Country, Number, Date) : 



Patent: WO 9909171 Al 19990225 

Application: WO 98US17320 19980820 (PCT/WO US9817320) 

Priority Application: US 97918723 19970821 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/12; 

International Patent Class: C12N-015/54; C12N-009/12; C12N-009/64; 

C12N-005/10; C12P-021/02; C07K-016/18; C12Q-001/68; A61K-038/17: 

A61K-038/45; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19739 
English Abstract 

The invention provides a human ubiquitin-conjugating enzyme (HUCE- l) and 
polynucleotides which identify and encode HUCE-1. The invention also 
provides expression vectors , host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of HUCE-1. 

French Abstract 

L" invention concerne une enzyme de conjugaison de l'ubiquitine humaine 
(HUCE-1) et des polynucleotides qui identifient et codent HUCE-1. Elle 
porte aussi sur des vecteurs d ' expression, des cellules notes, des 
agonistes, des anticorps et des antagonistes . Elle se rapporte encore a 
des methodes de traitement de troubles associes a 1' expression de HUCE-1. 
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HIGH AFFINITY IMMUNOGLOBULIN E RECEPTOR - L IKE PROTEIN 

PROTEINS RESSEMBLANT AU RECEPTEUR DE L 1 IMMUNOGLOBULINS E DE HAUTE AFFINITE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
• Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

BANDMAN Olga, BANDMAN, Olga , 366 Anna Avenue, Mountain View, CA 94043 , 
US 

LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 , US 
CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 
94040 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9909170 Al 19990225 

Application: WO 98US17271 19980820 (PCT/WO US9817271) 

Priority Application: US 97916902 19970821 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS,JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/12; 

International Patent Class: C07K-014/705 ; C12N-015/70; C12N-001/21; 

A61K-038/17; C07K-016/28; C12Q-001/68; 
Publication Language: English 

Filing Language:" English '" " " 

Fulltext Availability: 
Detailed Description 

Claims 



Fulltext Word Count: 19616 



English Abstract 

The invention provides a human high affinity immunoglobulin E 
receptor-like protein (IGERB) and polynucleotides which identify and 
encode IGERB . The invention also provides expression vectors, host cells 
agonists antibodies and antagonists. The invention also provides methods 
for treating disorders associated with expression of IGERB. mecn °ds 

. French Abstract 

^invention concerne une proteine ressemblant au recepteur de 
1 immunoglobulins E de haute affinite (IGERB) et des polynucleotides qui 
identifier* et cedent IGERB. Elle porte encore sur des vecteurs q 
antaoon^T' J?? cellules ^tes , des agonistes, des anticorps et des 
ZS'^^-HSV!!^ *» ™^ S de troubles. 
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HUMAN RETICULOCALBIN ISOFORMS 
ISOFORMBS DE RETICULOCALBINES HUMAINES 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS , INC 3174 Porter 
Drive, Palo Alto, CA 94304, US • cer 

Inventor (s) : 

h^IZ T l9a ', BANDMAN < 01 9 a ' 366 ^a Avenue, Mountain view, CA 94043, US 
Vie^ cn4 1 04 e 0 r , L US HILLMAN ' ^ "° DriVe " 2 < M °^aS 

LAL Preeti, LAL, Preeti, 2382 Lass Drive, Santa Clara CA 95054 n<? 
C °94oIo Ne us °' C ° RLEY ' Neil> °-' 1240 ° ale AvenUe "° : Mountai 5 n'view, CA 

SH 5?oJ?rJs SHAH ' 1608 QU6en Charl ° tte Drive «, Sunnyvale, CA 

Patent and Priority Information (Country, Number, Date) • 
Patent: WO 9907849 A2 19990218 

Application: WO 98US16259 19980805 (PCT/WO US9816259) 

Priority Application: US 97910927 19970808 
Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK fp 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MO MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA VG Ts 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 

G C W Z MR 2 K t" GB GR " IT ^ ^ NL " SE BF BJ CF CG CI « « 2 
Main International Patent Class: C12N-015/12- 
■^^J^i/^oJJ/S; ■ A61K-038/17 , G01N-033/68 ; 

Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 22123 
English Abstract 

The invention provides two human reticulocalbin isoforrns designated 
individually as RCN &gamma ; and RCN &delta ; and collectively as RCN and 
polynucleotides which identify and encode RCN. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treatinq disorders 
associated with expression of RCN. 
French Abstract 

L' invention concerne deux isoformes de reticulocalbines humaines RCN 
&gamma ; et RCN &delta ; , denommees collectivement RCN, ainsi que les 
polynucleotides qui identifier* et codent RCN. L' invention concerne 
egaiement =es vecteurs d 'express ion, des cellules notes, des agonistes 



des anticorps, et des antagonistes . L 1 invention concerne ehfin des 
procedes de traitement des dysfonctionnements lies a 1' expression de RCN. 
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SYNAPTOJANIN ISOFORM 
ISOFORME DE SYNAPTOJANINE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. ; 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 , US 
TANG Tom Y, TANG, Tom, Y. , 4230 Ranwick Court, San Jose, CA 95118 , US 
Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9906572 Al 19990211 

Application: WO 98US15782 19980728 (PCT/WO US9815782) 

Priority Application: US 97904234 19970731 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE. SN TD TG 

Main International Patent Class: C12N-015/55; 

International Patent Class: C12N-009/16; C07K-016/40; C12N-001/21; 

C12Q-001/68; A61K-038/46; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19973 
English Abstract 

The invention provides a human synaptojanin isoform (NSYN-1) and 
polynucleotides which identify and. encode NSYN-1 . The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of NSYN-1. 

French Abstract 

Cette- invention concerne une isoforme de synaptojanine humaine (NSYN-1) 
ainsi que des polynucleotides qui identifient et codent NSYN-1. Cette 
invention concerne egalement des vecteurs d' expression, des cellules 
notes, des agonistes, des anticorps et des antagoniste, ainsi que des 
procedes qui permettent de traiter des troubles associes a 1' expression 
. de NSYN-1 . 
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ANNEXIN BINDING PROTEIN 
PROTEINS DE LIAISON AUX ANNEXINES 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
. Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

- HTLLMAN-Jennifer-L, HILLMAN, -Jennifer,- -L- ,-230- Monroe. Drive. Sell, - 
Mountain View, CA 94040 , US 
CORLSY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 

94040 , US ' 

160S -ueer. Charlotte Drive £5, Sunnyvale , CA 



94087 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9906560 Al 19990211 

Application: WO 98US15599 19980728 (PCT/WO US9815599) 

Priority Application: US 97903801 19970731 

Designated States: AL AM AT AU A2 BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE 
CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/ 12 ; 

International Patent Class: C07K-014/47; A61K-038/17; C07K-016/18; 

C12N-015/85; C12N-005/10; C12Q-001/68; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19302 
English Abstract 

The invention provides a human annexin binding protein (NABP-1) and 
polynucleotides which identify and encode NABP-1. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of NABP-1. 

French Abstract 

Cette invention se rapporte a une proteine de liaison aux annexines 
(NABP-1) et a des polynucleotides qui identifient et codent ladite 
proteine NABP- 1 . ' Cette invention concerne egalement des vecteurs 
d f expression, des cellules hotes, des agonistes, des anticorps et des 
antagonistes . Elle se rapporte en outre a des methodes de traitement des 
troubles associes a 1' expression de la proteine NABP-1. 
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00623443 

HUMAN LONGEVITY -ASSURANCE PROTEIN HOMOLOGS 

H0M0L0GUES PROTEIQUES D ■ ASSURANCE DE LONGEVITE HUMAINE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC., 3174 Porter 
Drive, Palo Alto, CA 94304, US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, Mountain 
View, CA 94040, US 

CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 
94040, US 

SHAH Purvi, SHAH, Purvi, 1608 Queen Charlotte Drive &5, Sunnyvale, CA 
94087, US 

LAL Preeti, LAL, Preeti, 2382 Lass Drive, Santa Clara, CA 95054, US 
Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9906558 Al 19990211 

Application: WO 98US15591 19980728 (PCT/WO US9815591) 

Priority Application: US 97902853 19970730 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HR HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD 
MG MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US 
UZ VN YU ZW GH GM KE LS MW SD SZ UG ZW AN AZ BY KG KZ MD RU TJ TM AT BE 

. CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN 
GW ML MR NE SN TD TG 

Main International Patent Class: C12N-015/12; 

International Patent Class: C12N-005/10; C12N-001/21; C07K-014/47; 

C07K-016/18; C12Q-001/63; G01N-033/50; A61K-03 8/ 17 ; 
Publication Language: English 



Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 21627 
English Abstract 

The invention provides two human longevity-assurance protein homologs, 
designated individually as LAPH-1 and LAPH-2 and collectively as LAPH, 
and polynucleotides which identify and encode LAPH. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of LAPH. 

French Abstract 

Cette invention se rapporte a deux homologues proteiques d' assurance de 
longevite humaine, designes individuellement par les termes LAPH-1 et 
LAPH-2 et collectivement par le terme LAPH, ainsi qu'a des 
polynucleotides qui identifient et codent LAPH. Cette invention se 
rapporte egalement a des vecteurs d' expression, des cellules notes, des 
agonistes, des anticorps et des. antagonistes associes. Elle concerne en 
outre des methodes de traitement des troubles associes a 1 1 expression du 
LAPH. 
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HUMAN MATRILIN-3 
MATRILINE-3 HUMAINE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, 

Mountain View, CA 94040 , US 
LAL Preeti, LAL, Preeti , 2382. Lass Drive, Santa Clara, CA 95054 , US 
CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 

94040 , US 

SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 
94087 , US 

KASER Matthew R, KASER, Matthew, R. , 4793 Ewing Road, Castro Valley, CA 
94546- 1017 , US 
Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9904002 Al 19990128 

Application: WO 98US15092 19980721 (PCT/WO US9815092) 

Priority Application: US 97897443 19970721 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD MG 
MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US UZ 
VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH 
CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN GW 
ML MR NE SN TD TG 

Main International Patent Class: C12N-015/12 ; 

International Patent Class: C07K-014/78; A61K-038/17; C07K-016/18 ; 

C12Q-001/68; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 20130 
English Abstract 

The invention provides a human matrilin-3 ( MAT - 3 ) and polynucleotides 
which identify* and encode MAT- 3 . The' invention also provides expression. . 
vectors, host cells, aacnists.. antibodies and antagonists. The invention 



also provides methods for treating disorders associated with expression 
■ of MAT- 3 . 
French Abstract 

L' invention concerne une matriline-3 (MAT- 3 ) humaine et des 
polynucleotides identifiant et codant MAT -3 . Elle concerne egalement des 
vecteurs d • expression, des cellules notes, des agonistes, des anticorps 
et des antagonistes. L' invention porte enfin sur des methodes de 
traitement des troubles associes a 1' expression de MAT -3 . 
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T-CELL RECEPTOR BETA-LIKE PROTEIN 

PROTEINS DE TYPE BETA RECEPTEUR DES CELLULES T 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, 

Mountain View, CA 94 04 0 , US 
CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View CA 

94040 , US 

Patent and Priority Information (Country , Number, Date): 
Patent: WO 9903995 Al 19990128 

Application: WO 98US14598 19980717 (PCT/WO US9814598) 

Priority Application: US 97897097 19970718 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD MG 
MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US UZ 
VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH 
CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN GW 
ML MR NE SN TD TG . 

Main International Patent Class: C12N-015/12; 

International Patent Class: C07K-014/705 ; C07K-016/18; C12Q-001/68- 

A61K-038/17; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 20549 
English Abstract 

The invention provides a human T-cell receptor beta-like protein (TCRLP) 
and polynucleotides which identify and encode TCRLP. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of TCRLP. 

French Abstract 

L' invention concerne une proteine humaine de type beta recepteur des 
cellules T (TCRLP) et des polynucleotides identifiant et codant ladite 
proteine TCRLP. L' invention concerne egalement des vecteurs d 1 expression, 
des cellules notes, des agonistes, des anticorps et des antagonistes. 
Elle concerne aussi des procedes pour le traitement de troubles lies a 
1' expression de la proteine TCRLP consideree. 
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HUMAN ATP -BINDING CASSETTE TRANSPORT PROTEIN 

PROTEINE HUMAINE DE TRANSPORT DE CASSETTE DE LIAISON DE L • ADENOSINE 

TRIPHOSPHATE (ATP) 



Patent Applicant/Assignee: 

INCYTE • PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jenifer L, HILLMAN, Jenifer, L. , 230 Monroe Drive, &12, Mountain 
View, CA 94040 , US 

SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive, &5, Sunnyvale, CA 
94087 , US 

CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue, &30, Mountain View, 
CA 94040 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9903989 Al 19990128 

Application: WO 98US14602 19980717 (PCT/WO US9814602) 

Priority Application: US 97895522 19970717 

Designated States: AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES 
FI GB GE GH GM HU ID IL IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD MG 
MK MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG US UZ 
VN YU ZW GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH 
CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN GW 
ML MR NE SN TD TG 

Main International Patent Class: C12N-015/11; 

International Patent Class: C07K-014/47; C12N-015/70; C12N-001/21- 

A61K-038/17; C07K-016/18; C12Q-001/68; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 18921 
English Abstract 

The invention provides a human ATP-binding cassette transport protein 
(ABCtxH) and polynucleotides which identify and encode ABCtxH . The 
invention also provides expression vectors, host cells, agonists, 
- antibodies and antagonists. The invention also provides methods for 
treating disorders associated with expression of. ABCtxH. 

French Abstract 

L' invention concerne une proteine humaine de transport de cassette de 
liaison de l'ATP (ABCtxH) et des polynucleotides .identifiant et codant 
ladite proteine ABCtxH. L'invention concerne egalement des vecteurs 
d'expression, des cellules hotes, des agonistes, des anticorps et des 
antagonistes. Elle concerne aussi des procedes pour le traitement de 
troubles lies a 1' expression de la proteine ABCtxH consideree. 
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NEW HUMAN GROWTH REGULATOR PROTEIN 

NOUVELLE PROTEINE REGULATRICE DE CROISSANCE HUMAINE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter • 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

BANDMAN Olga, BANDMAN, Olga , 366 Anna Avenue, Mountain View, CA 94043 , 
US 

LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 , US 
SEAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 

;-087 , US 

CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 
94040 , . US 

Patent and Priority Information (Country, Number, Date) : 
Patent : - WO 9902680 Al~~19 990121 

Application: WO 98US13409 19980630 (PCT/WO US9813409) 

Priority Application: US 97893852 19970711 
Designated States: AT AU BP CA CH CN DE DK ES FI G3 IL J? KR MX NO NZ RU SE 



SG US GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH CY 
DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN ML MR 
NE SN TD TG 

Main International Patent Class: C12N-015/12; 

International Patent Class: C07K-014/475 ; C07K-016/22; C12Q-001/68; 

A61K-038/18; G01N-033/50; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 21715 
English Abstract 

The invention provides a new human growth regulator protein (GRREG) and 
polynucleotides which identify and encode GRREG. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of GRREG. 
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L' invention concerne une nouvelle proteine regulatrice de croissance 
humaine (GRREG) et des polynucleotides identifiant et codant GRREG. 
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1' expression de GRREG. 



31/5/38 

DIALOG (R) File 349:PCT Fulltext 
(c) 2001 WIPO/MicroPat . All rts . reserv. 

00617364 **Image available** 

PHOSPHATIDYLINOSITOL 4 , 5 -BISPHOSPHATE 5-PHOSPHATASE PROM HUMAN 
PHOSPHATIDYLINOSITOL 4 , 5 -BISPHOSPHATE 5 - PHOSPHATASE TIREE D'UN ETRE HUMAIN 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter. 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12 , 

Mountain View, CA 94040 , US 
LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 , US 
CORLEY Neil C, CORLEY, Neil, C. , 1240 Dale Avenue &30, Mountain View, CA 

94040 , US 

SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 
94087 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9900507 Al 19990107 

Application: WO 98US13399 19980626 (PCT/WO US9813399) 

Priority Application: US 97884681 19970627 
Designated States: AT AU BR CA CH CN DE DK ES FI GB IL JP KR MX NO NZ RU SE 
SG US GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH CY 
DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN ML MR 
NE SN TD TG 

Main International Patent Class: C12N-015/55; 

International Patent Class: C12N-009/16; C07K-016/40 ,- C12Q-001/68; 

A61K-038/46; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 22703 
English Abstract 

The invention provides a human phosphatidylinositol 4,5- bisphosphate 
5 -phosphatase ( P3PP) and polynucleotides which identify and encode P3PP. 

The invention also provides expression vectors, host: cells, agonists, 



antibodies and antagonists. The invention also provides methods for 
treating disorders associated with expression of PBPP. 

French Abstract 

L' invention a trait a une phosphatidylinositol 4, 5-bisphosphate 5- 
phosphatase humaine (PBPP) et a des polynucleotides qui identifient et 
codent cette PBPP. Cette invention concerne egalement des vecteurs 
d' expression, cellules notes, agonistes, anticorps et antagonistes 
correspondants ainsi que des procedes permettant de traiter des troubles 
associes a l 1 expression de la PBPP. 



31/5/39 

DIALOG (R) File 349:PCT Fulltext 

(c) 2001 WIPO/MicroPat. All rts. reserv. 

00612634 **Image available** 

INSULIN RECEPTOR TYROSINE KINASE SUBSTRATE 

SUBSTRAT DE LA TYROSINE KINASE DU RECEPTEUR DE L'INSULINE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, 

Mountain View, CA 94040 , US 
LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 , US 
SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 

94086 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9857987 A2 19981223 

Application: WO 98US12903 19980619 (PCT/WO US9812903) 

Priority Application: US 97878563 19970619 
Designated States: AT Au"BR CA CH CN DE DK ES FI GB IL JP KR MX NO NZ RU SE 
SG US GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH CY 
DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN ML MR ' 
NE SN TD TG 

Main International Patent Class: C07K-014/00; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 20885 
English Abstract 

The invention provides a human insulin receptor tyrosine kinase substrate 
(IRS-p53h) and polynucleotides which identify and encode IRS- p53h. The 
invention also provides expression vectors, host cells, agonists, 
antibodies and antagonists. The invention also provides methods for 
treating disorders associated with expression of IRS-p53h. 

French Abstract 

L' invention porte sur un substrat de tyrosine kinase de l'insuline 
humaine (IRS-p53h) et sur des polynucleotides qui identifient et codent 
IRS-p53h; sur des vecteurs d'expression, des cellules notes, 'des 
agonistes, des anticorps et des antagonistes. Cette invention porte 
egalement sur des procedes de traitement de troubles associes a 
l 1 expression d'IRS-p53h. 



31/5/40 

DIALOG (R) File 349:PCT Fulltext 

(c) 2001 WIPO/MicroPat. All rts. reserv, 

00611596 **Image available** 

HUMAN FORMIN BINDING PROTEIN 

PROTEINE LI ANTE HUMAINE APPELEE FO RHINE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS , INC. , 3174 Porter 



Drive, Palo Alto, CA 94304 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L . , 230 Monroe Drive &12, 

Mountain View, CA 94040 , US 
LAL Preeti, LAL, Preeti , 2382 Lass Drive, Santa Clara, CA 95054 US 
Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9856912 Al 19981217 

Application: WO 98US11939 19980608 (PCT/WO US9811939) . 

Priority Application: US 97872783 19970611 
Designated States: AT AU BR CA CH CN DE DK ES FI GB IL JP KR MX NO NZ RU SE 
SG US GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH CY 
DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN ML MR 
NE SN TD TG 

Main International Patent Class: C12N-015/12; 

International Patent Class: C07K-014/47; C07K-016/18 ; C12Q-001/68- 

A61K-038/17; G01N-033/50; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 19955 
English Abstract 

The invention provides a human formin binding protein (FBPhu) and 
polynucleotides which identify and encode FBPhu. The invention also 
provides expression vectors, host cells, agonists, antibodies and 
antagonists. The invention also provides methods for treating disorders 
associated with expression of FBPhu. 

French Abstract 

L' invention concerne une proteine liante humaine appelee formine (FBPhu) 
et des polynucleotides qui identifient et codent FBPhu. L' invention 
concerne en outre des vecteurs d ' expression, des cellules hotes, des 
agonistes, des anticorps et des antagonistes . Elle concerne enfin des 
methodes pour traiter des troubles associes a 1' expression de FBPhu. 



31/5/41 

DIALOG (R) File 349.-PCT Fulltext 

(c) 2001 WlPO/MicroPat. All rts. reserv. 

00611584 

HUMAN PEROXISOMAL THIOESTERASE 
THIOESTERASE PEROXYSOMALE HUMAINE 

Patent Applicant/Assignee: 

INCYTE PHARMACEUTICALS INC,. INCYTE PHARMACEUTICALS, INC., 3174 Porter 
Drive, Palo Alto, CA 94304, US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L., 230 Monroe Drive &12, Mountain 

View, CA 94040, US 
SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte Drive &5, Sunnyvale, CA 

94087, US 

CORLEY Neil C, CORLEY, Neil, C, 1240 Dale Avenue &30, Mountain View, CA 
94040, US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9856898 A2 19981217 

Application: WO 98US11609 19980611 (PCT/WO US9811609) 

Priority Application: US 97872784 19970611 
Designated States: AT AU BR CA CH CN DE DK ES FI GB IL JP KR MX NO NZ RU SE 
SG US GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH CY 
DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN ML MR 
NE SN TD TG 

Main International Patent Class: C12N-009/00; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 



Fulltext Word Count: 19057 



English Abstract 
NotAvailable 



31/5/42 

DIALOG (R) File 349:PCT Fulltext 

(c) 2001 WIPO/MicroPat . All rts. reserv. 

00605212 

HUMAN LYSOPHOSPHOLIPASE 
LYSOPHOSPHOLIPASE HUMAINE 

Patent Applicant/Assignee: 
'iNCYTE PHARMACEUTICALS INC, INCYTE PHARMACEUTICALS, INC. , 3174 Porter 
Drive, Palo Alto, CA 943 04 , US 
Inventor (s) : 

HILLMAN Jennifer L, HILLMAN, Jennifer, L. , 230 Monroe Drive &12, 

Mountain View, CA 94040 , US 
SHAH Purvi, SHAH, Purvi , 1608 Queen Charlotte &5, Sunnyvale, CA 94087 , 

US 

MURRY Lynn E, MURRY, Lynn, E. , 1124 Los Trancos Road, Portola Valley, CA 
. 94028 , US 

Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9849319 Al 19981105 

Application: WO 98US8782 19980429 (PCT/WO US9808782) 

Priority Application: US 97844120 19970429; US 9822940 19980212 
Designated States: AT AU BR CA CH CN DE DK ES FI GB IL JP K2 MX NO NZ RU SE 
SG US GH GM KE LS MW SD SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH CY 
DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN ML MR 
NE SN TD TG 

Main International Patent Class: C12N-015/55; 

International Patent Class: C12N-009/18; A61K-038/46; C07K-016/40; 

C12Q-001/68; 
Publication Language: English 
Filing Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 21379 

English Abstract 

The invention provides a human lysophospholipase (NHLP) and 
• polynucleotides which identify and encode NHLP. The invention also 

provides expression vectors, host cells, antibodies, agonists, and 

antagonists. The invention also provides methods for treating or. 

preventing disorders associated with expression of NHLP . 

French Abstract 

Lysophospholipase humaine (NHLP) et polynucleotides qui identifient et 
codent ladite NHLP. La presente invention concerne egalement des vecteurs 
d' expression, des cellules notes-, des anticorps, des agonistes et des 
. antagonistes, ainsi que des methodes de traitement ou de prophylaxie de 
troubles associes a 1' expression de la NHLP. 



31/5/43 

DIALOG (R) File 349:PCT Fulltext 

(c) 2001 WIPO/MicroPat . All rts. reserv. 

00404072 

METHOD AND APPARATUS FOR FABRICATING MICRO ARRAYS OF BIOLOGICAL SAMPLES 
PROCEDE ET APPAREIL POUR FABRIQUER DES MICROENSEMBLES D 1 ECHANTILLONS 
BIOLOGIQUES 

Patent Applicant /Assignee:- - • • - • 

THE BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR UNIVERSITY 

Inventor (s) : 

SHALON Tidhar Dari 
BROWN Patrick 0 



Patent and Priority Information (Country, Number, Date) : 
Patent: WO 9535505 Al 19951228 

Application: WO 95US7659 19950616 (PCT/WO US9507659) 

Priority Application: US 94261388 19940617; US 95477809 19950607 
Designated States: AU CA JP AT BE CH DE DK ES FR GB GR IE IT LU MC NL PT SE 
Main International Patent Class: G01N-033/543 ; 
International Patent Class: G01N-033/68; 
Publication Language: English 
Fulltext Availability: 

Detailed Description 

Claims 

Fulltext Word Count: 11532 
English Abstract 

A method and apparatus for forming microarrays of biological samples on a 
support are disclosed. The method involves dispensing a known volume of a 
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Japanese Abstract 

L' invention concerne un procede et un appareil pour former des 
microensembles d ' echantillons biologiques sur un support. Le procede 
consiste a distribuer un volume connu d'un reactif au niveau de chaque 
position selectionnee de 1' ensemble, en ouvrant un distributeur 
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volume defini de liquide sur le support. L ' appareil est concu pour 
produire automat iquement un microensemble de zones de ce type. 
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Protein arrays and microarrays 
Heng Zhu* and Michael Snyder*t 

In the past, studies of protein activities have focused on 
studying a single protein at a time, which is often time- 
consuming and expensive. Recently, with the sequencing of 
entire genomes, large-scale proteome analysis has" begun. 
Arrays of proteins have been used for the determination of 
subcellular localization, analysis of protein-protein interactions 
and biochemical analysis of protein function. New protein- 
microarray technologies have been introduced that enable the 
high-throughput analysis of protein activities. These have the 
potential to revolutionize the analysis of entire proteomes. 
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Abbreviations 

BSA bovine serum albumin 
GST glutathione-Stransferase 
ORF open reading frame 

Introduction 

Large-scale genome sequencing projects have rapidly accel- 
erated the pace of gene discovery and led to the identi fication 
of thousands of new genes. The challenge ahead is to identi- 
fy the functions of the many different genes that encode the 
organism. Toward this end, a number of new methods have 
been developed to systematically analyze gene function. One 
powerful technology that has emerged recently is DNA 
microarrays. These have allowed the large-scale analysis of 
gene expression and variations in gene sequence 11-3,4**], 
and recently, DNA chips coupled with chromatin immuno- 
precipitation have been used to determine the entire 
complement of binding sites for transcription factors 15**]. 
Other genome projects include large-scale gene disruption 
studies that, although still in their infancy, hold promise, for 
contributing considerable information about gene function 
through che analysis of mutant phenotypes [4",6". 7-12]. 

In most cases, however, a gene function is manifested by 
the direct activity of its translated protein and. therefore, 
analysis of protein function is likely to provide a superior 
approach for elucidating gene function. Consistent with 
this view, protein levels often do not correlate with mRXA 
levels [15]. Below, we summarize several recent approach- 
es for the systematic analysis of proteins using protein 
arrays and microarrays. 

Large-seal analysis of protein function 

Thus far. only a limited number of studies have been per- 
formed to analyze protein function on a large scale. Most of 



these have' been carried out using the budding yeast 
Saccharomyces cerevisiae, the genome of which has been 
sequenced and encodes 6200 genes [14]. An important part 
of the work is to generate defined arrays of tagged proteins 
that allow high-throughput systematic analysis [15], 
Subcellular localization of yeast proteins has been carried 
out using a transposon-tagging strategy to randomly insert 
hemagluttinin epitope tags into yeast proteins [6", 16]. 
The tagged strains were assembled into 96- well arrays and 
the localization patterns of the epitope-tagged proteins 
determined by indirect immunofluorescence [6**,16]. 
Using this procedure, approximately 50% of the predicted 
proteins of yeast have been tagged and many of these have 
been localized. In addition, potential protein-protein 
interactions have been identified by two-hybrid approach- 
es [17, 18" 19]. In one very impressive study, an array of 
approximately 5300 yeast proteins individually fused to 
transcriptional-activation domains were systematically 
probed with yeast proteins fused to a DNA-binding 
domain; in this manner, 957 potential protein-protein 
interactions were revealed [18"]. 

The ability to generate large numbers of expression clones 
has allowed the large-scale biochemical analysis of protein 
function. In a pioneering study, Phizicky and co-workers 
[20"] used a recombination-cloning strategy to fuse 85-90% 
of yeast open reading frames (ORFs) to sequences coding 
glutathione-^-transferase (GST) under the control of a 
CUP1 promoter. Yeast strains containing these clones were 
grouped into around 64 pools of 96 clones; yeast proteins 
fused to GST were purified from the pools and screened for 
biochemical activities. Individual strains from positive pools 
were then screened to find the appropriate yeast strain 
expressing the activity of interest. Using this method, genes 
for a number of biochemical activities relating to tRNA 
splicing (e.g. those for tRNA ligase, 2'-phosphtransferase. 
phosphodiesterase, cytochrome c methyltransferase. and 
Appr-l'-P-processing activities) were identified. One impor- 
tant advantage of the pooling strategy is that a large number 
of samples can be rapidly analyzed. Disadvantages are that 
multiple steps to isolate particular activities are required, 
and prevalent activities, such as protein kinase activities, 
must be screened in small pools. In addition, it is difficult to 
determine if an individual sample that docs not give a posi- 
tive signal has been properly analyzed (i.e. false negatives 
are difficult to access). 

Several methods have also been recently developed for 
directly screening biochemical activities on a large scale using 
two-dimensional arrays. Bussow et ai [21] prepared a set of 
57.830 Escherichia coli strains that express His6-tagged fusions 
from a fetal human brain cDN'A library Fusion proteins were 
prepared in a 96-well format, spotted onto a filter, and 
screened for glyceraldehyde-5-phosphate dehydrogenase 
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activity [22], The activity of a positive control (a human give- 
eraldehyde-3-phosphatc dehydrogenase) and that from three 
additional clones were detected; however, the sequences 
from two of the clones did not match any human proteins 
while the third represents a short out-of-frame fragment. 
Thus, further work is needed to examine the quality of the 
authors' library and/or screening methods. 

In an independent approach, Ge [23] used low-density fil- 
ters to study specific interactions of proteins with DNA 
RNA, ligands, and other small chemicals. A filter harboring 
48 purified human proteins primarily involved in transcrip- 
tion was prepared and incubated with one of the following- 
a ^-labeled human protein p52; an end-labeled promoter 
region of an adenovirus: an SV40 earlv pre-mRNA probe- 
or a ligand probe. A wide variety of different protein-pro- 
tein, protem-DNA, protein-RNA, and protein-ligand 
interactions were detected. Importantly the protein filters 
could be reused by stripping the probes with 1 M ammo- 
nium sulfate and 1 M urea. 

These different approaches have demonstrated that it is 
possible to prepare large numbers of protein arravs and 
screen them for biochemical activities, protein-protein 
interactions and subcellular localization. Although very 
useful, one significant drawback of the /* vitro approaches 
is tnat tney often require large amounts of material. The 
handling and processing of large numbers of samples is 
also a concern. Thus, as with the case of DNA chips, pro- 
cedures that can readily produce and analyze lar-e 
numbers of samples would greatly facilitate the analysis of 
large numbers of protein samples [24,25]. 

Protein chips 

Recently, several groups have developed protein microar- 
ray methods for the high-throughput analvsis of proteins. 
Protein microarrays are grids that contain small amounts of 
purified proteins in a high density. The proteins can be 
screened in a high-throughput fashion for biochemical 
activity, protein-protein, protein-DNA. protein-RNA. and 
protein-ligand interactions. 



Figure 1 



Several types of chips have been designed; these include 
glass slides, porous gel pad slides and microwells 
(Figure 1). Glass slides have the advantage that thev can 
be used with standard microrrayers and scanners used for 
ch, P s - MacBeath and Schreiber [26") attached pro- 
teins to a glass surface activated with a crosslinking a»ent 
that reacts with primary amines. Proteins were spotted in a 
m. glycerol solution to prevent dehydration. To show that 
their protein microarrays are feasible for biochemical 
assays, they tested three known protein-protein interac- 
tions, three known kinase-substrate reactions, and three 
known protein-ligand-binding reactions using fluo- 
rophore-tagged proteins, radiolabeled ATP. and synthetic 
hgands coupled to fluorescently labeled bovine serum 
albumin (BSA), respectively. In most cases, a small number 
of arrayed proteins were used, although in one experiment 
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3D gel pad chip 
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Three different types of protein microarrays: plain-glass slide, three- 
dimensional ge) pad chip, and microwell chip. 



they could identify a single spot of the FKBPl2-rapamvcin 
binding protein (FRB) within an array of 10,000 spots con- 
taining one other protein. Their work demonstrates the 
potential of using protein microarrays to perform large- 
scale protein interaction studies, biochemical assays and 
analysis of drug targets; however, their study analyzed very 
few proteins and novel activities were not identified. 

Ward and co-workers [27-] also used glass slides for 
detecting several protein antigens (e.g. human IgE. human 
prostate-specific Ag). They spotted analvtes onto a treated 
glass surface at high density using either a hand-spotting 
device or a pin-tool-type microarray robot. The spotted 
analvtes were detected using antibodies attached to an 
oligonucleotide primer and a clever rolling circle amplifi- 
cation reaction. Their results indicate that this technique 
has high sensitivity, a wide dynamic range, and excellent 
spot-to-spot reproducibility. 



Instead of spotting proteins onto a two-dimensional solid 
surface, Mirzabekov and co-workers [28 M ] described a 
three-dimensional technique for creating arravs of proteins 
immobilized inside tiny polyacrylamide gel packets dotted 
across a glass surface. On a silane-treated glass-slide surface. 
3% acrylamide gel is poured with a modified crosslinker — 
A.A'Vl^-dihydroxyethylene) bisacrylamide (DHEBAWBis 
mixture - to improve porosity of the gel. The polymeriza- 
tion is promoted by exposing the acrylamide to a I'Y source 
through a mask containing 100 x 100 urn square windows. ' 
The unpolymerized monomers are removed bv washing 
with water. Using this method, they prepared' arravs of 
100 x 100 x 20 urn gel pads spaced 200 urn apart. Proteins or 
antibodies can be immobilized in the gel pads bv either acti- 
vating the gel with glutaraldehyde or bv using a reactive 
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Table 1 



Features of different types of protein chips. 



Glass slides 



Matrix slides 



Nanowells 



Compatible with standard microarrayer 

and detection equipment 

High evaporation 

Poor for multiple-based reactions 

Inexpensive 

Possible cross-contamination 



Compatible with standard microarrayer 
and detection equipment 
Reduce evaporation 

Solution-based reaction can be carried out. 
but requires longer washing times for material 
Expensive; requires photo lithography to 
make matrix 

No cross-contamination 



Compatible with standard microarrayer 

and detection equipment but requires alignment 

Reduce evaporation 

Versatile for solution -based assays; multiple- 
component reactions 
Inexpensive 

No cross-contamination 



hydrazide group that partially substitutes the amide group of 
the polyacrylamide gel; this allows the crosslinking to oxi- 
dized aldehyde groups in the polysaccharide component of 
the antibodies. Using such technology, Mirzabckov and co- 
workers [28'*] have tested the applications of different tvpes 
of immunoassays and antigen detection. They have also 
demonstrated the detection of enzymatic activities for three 
enzymes immobilized in the gel — horseradish peroxidase, 
calf intestinal phosphatase and P-D-glucuronidase. Because 
of the use of three-dimensional gel support, their approach 
has some important advantages (Table 1). Firstly, the capac- 
ity of protein immobilization in the gel pads is much higher 
than on a two-dimensional glass or plastic surface. Secondly, 
the homogeneous water environment in the gel reduces dry- 
ing and thereby minimizes denaturation of proteins. 
Thirdly, the immobilized proteins are well separated and do 
not interact with one another. The disadvantages of the gel 
pads are. firstly, that it is more difficult to change buffers and 
to recover trapped molecules and, secondly, that it is also 
more cumbersome to prepare the slides. 

Zhu et ai [29-1 have used both glass slides and a novel 
nanowell technology for the analysis of yeast protein kinas- 
es. 121 of 122 yeast protein kinase genes were cloned into 
a high-copy expression vector that produces GST fusion 
proteins under the control of a galactose-inducible promot- 
er, and were purified using a 96-well format (Figure 2; 
[29 # *]; H Zhu, S Lee. M Snyder, unpublished data). The 
samples were then analyzed in a microarrav composed of 
mfcrowells in silicon elastomer sheets. 

To demonstrate that this technology is feasible for high- 
throughput biochemistry assays, kinase assavs were 
performed on 119 protein kinases using 17 different sub- 
strates (Figure 2b). The substrates were first bound to the 
chip through an amino crosslinker. followed bv blocking the 
microwells with BSA. The yeast kinases were then added to 
each microwell on the chip with radiolabeled 33 P-y-ATP. The 
chips were washed and then exposed to a phosophoimaeer to 
detect the phosphorylated substrate. In an autophosphorvla- 
cion experiment, in which the kinases phophorvlate 
themselves, the kinases were first bound to the surface and 
then incubated in the presence of 3 - ; P-y-ATP. .Because 
over 60% 0 f the kinase proteins showed activities in an 



autophosphorylation experiment, the crosslinking of proteins 
to the chips docs not interfere with enzyme activities in most 
cases. By comparing the kinase activities with different 
substrates, 32 kinases were found that preferentially 
phosphorylate one or two substrates, and 27 kinases were 
shown to readily phosphorylate poly(Tyr-Glu). This latter 
result suggests that there are many more potential veast 
tyrosine kinases than known previously. Because almost the 
entire yeast protein kinase collection was screened, it was 
possible to correlate the large-scale functional daia with 
structural data. Indeed, the enzymes that phosphorylated 
poly(Tyr-Glu) often share common amino acid residues that 
lie near the catalytic region. 

The microwell protein chip is particularly suitable for bio- 
chemical assays for several reasons (fable 1). Firstly, 
proteins in microwells are well separated, so cross -contami- 
nation is minimal. Secondly, proteins in wells are kept in 
liquid that reduces sample dry ing. Thirdly, this technology 
is very sensitive and only requires a tiny amount of protein 
in each assay. Protein purified from a 3 ml culture is usual- 
ly enough to perform 20 kinase assays. Small-scale assays 
are extremely valuable when working with precious mate- 
rials (e.g. combinatorial chemical or peptide libraries). 
Fourthly, it is easy to change buffers in these microwells or 
to add individual components to different wells without 
cross-contamination. Because many biochemistry assays 
require multiple steps and sophisticated detection meth- 
ods, this technique is expected to be widely adopted to 
different assays and drug screening. Fifthly, protein chips 
are inexpensive. Once the mold is created, many chips can 
be repeatedly cast at a cost of only 8 US cents per chip. 
Finally, this technique is easy to automate. Coupled with 
the existing ink-jet microarrav technology, it is conceivable 
to analyze 10,000-100.000 biochemical reactions in parallel. 

Applications and future directions 

Protein-array technology provides a powerful and versatile 
tool for the genome-scale analysis of gene function, such as 
enzyme activity, protein-protein and protein-nucleic-acid 
interaction and small-molecule drug interactions, directlv on 
the protein level [30,31 J. Currently, the rate-limiting step is 
the production of large numbers of proteins: the ability to 
automate protein production, using a 96-well format and 
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Figure 2 
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proteins fused to h.gh-affinicv- tags will greatly expedite pra- 
te n-chtp development High-density chips containing large 
ets of | proteins or even entire proteomes will allow the high- 
throughput analysts of biochemical activities, protein-protein 
interactions and post-translational modifications, such as 
phosphorylanon. dcphosphorylation. protein mediation, 
and ubiquicinacion. 

Coupled with mass-spectrometric identification, protein 
chips m.ght also have wide application in drug discovery 
and protein-protein interactions [32]. P rot eins and small- 
molecule hgands can be bound to proteins immobilized on 
a protein chip and the bound molecules identified usin» 
d «°' P cion/ionisation time of fi.ght 
111 t ? maSS spec[rosc °PV- The format of miaou- 
e»s makes them particularly well suited for this purpose. 
B> analyzing large numbers of samples, molecules and pro- 
teins that specifically bind to many different protems can 



be identified. Small molecules can then be used to probe 
protein function; protein-protein interactions can be used 
to deduce molecular networks and pathways. 

One area that will probably require technical improvement 
is the analysis of membrane proteins. A large fraction of pro- 
teins are likely to be membrane-bound. For example, it has 
been suggested that as many as one third (.'8..'%) of all veast 
proteins are membrane proteins or secreted proteins (33|. 
Many of these proteins are active only in their lipid state, 
and thus it may be necessary to purify or reconstitute them 
w,th associated lipids. However, these problems should be 
surmountable. Vogel and co-workers |34'] have been able to 
immobilize biotinylated membranes that contain the G-pro- 
tem-coupled receptor rhodopsin on a gold-coated glass 
surface, and establish a functional assav for that protein. 
This procedure and/or similar ones should make it possible 
to analyze membrane proteins in a chip format 



44 Proteomics and genomics 



Future developments might also lie in the area of protein 
attachment. Although most groups are currently adhering 
proteins to the microarray surface in a random fashion, it is 
technically feasible to attach proteins through their affinity 
tag. For example, arrays coupled to glutathione can be 
used to attach GST-fusion proteins. Affinity attachment is 
likely to result in a higher proportion of active protein. 

Conclusions 

Because proteins are one step closer to biochemical activi- 
ties than are genes, these studies will lead directly to new 
biological discoveries and paradigms. Various technologies 
have been developed to produce protein chips, and the 
ro.botic ink-jet printing platform is preferred for transfer- 
ring proteins to chips [35]. The ready availability of the full 
human-genome sequence will push the application of pro- 
tein-chip technology to analysis of the human proteome. 
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Abstract 

Background: The field of proteomics aims to characterize 
dynamics in protein function on a global level. However, several 
classes of proteins, in particular low abundance proteins, remain 
difficult to characterize using standard proteomics technologies. 
Recently, chemical strategies have emerged that profile classes of 
proteins based on activity rather than quantity, thereby greatly 
facilitating the analysis of low abundance constituents of the 
proteome. 

Results: In order to expand the classes of proteins susceptible to 
analysis by activity-based methods, we have synthesized a library 
of biotinylated sulfonate esters and applied its members to 
complex proteomes under conditions that distinguish patterns of 
specific protein reactivity. Individual sulfonates exhibited unique 
profiles of proteome reactivity that in extreme cases appeared 
nearly orthogonal to one another. A robustly labeled protein was 



identified as a class I aldehyde dehydrogenase and shown to be 
irreversibly inhibited by members of the sulfonate library. 
Conclusions: Through screening the proteome with a non- 
- directed library of chemical probes, diverse patterns of protein 
reactivity were uncovered. These probes labeled protein targets 
based on properties other than abundance, circumventing one of 
the major challenges facing contemporary proteomics research. 
Considering further that the probes were found to inhibit a target 
enzyme's catalytic activity, the methods described herein should 
facilitate the identification of compounds possessing both selective 
proteome reactivities and novel bioactivities. © 2000 Elsevier 
Science Ltd. All rights reserved. 

Keywords: Proteomics; Sulfonate; Activity-based; Probe; Aldehyde de- 
hydrogenase 



1. Introduction 

With the complete sequence of the human genome 
nearly in hand, biological research is entering a new era 
in which experimental focus will shift from identifying 
novel genes to determining the function of gene products. 
In efforts to accelerate the functional analysis of products 
expressed by the genome, researchers have developed, sev- 
eral technologies that permit the study of biomolecules 
collectively, rather than individually. These global exper- 
imental strategies include: (1) genomics, or the analysis of 
a celfs complete transcript repertoire (transcriptome) [1.2], 
and (2) proteomics, or the analysis of a celfs complete 



• Correspondence: Benjamin F. Cravatt and Erik J. Sorensen: 
E-mail; era vattft' scripps.edu 
E-mail: so re n sen. £ scripps.edu 

IOM-55:i /00/S - see from matter C 2000 Elsevier Science Ltd. All riehts 
Pll S :0"^-f :2 : •00060-0 



protein repertoire (proteome) [3,4]. In the field of ge- 
nomics, advances in gene array technologies have permit- 
ted researchers to compare in a single experiment the lev- 
els of several thousand transcripts across two or more test 
samples [1.2,5]. Recent studies have demonstrated how 
gene chips can be used to discover and predict new sub- 
classes of cancer based on their distinctive patterns of gene 
expression [6,7]. Still, by measuring dynamics in mRNA 
abundance, genomics approaches offer only an indirect 
assessment of protein quantity and function. Considering 
that mRNA levels are often poor predictors of protein 
abundance [8,9], the degree to which genomics data are 
reflective of changes in protein function remains unclear. 

Recently, proteomics initiatives have emerged with the 
goal of characterizing dynamics in the abundances of pro- 
teins themselves [3.4.10]. Considerable experimental chal- 
lenges face the analysis of the proteome, especially when 
compared to the technically more feasible profiling of the 
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transcriptome. Unlike mRNA molecules, proteins (1) dis- 
play tremendous chemical diversity (e.g. various co- and 
post-translational modifications, hydrophobic domains, 
etc.), (2) are not amplifiable, and (3) do not typically pos- 
sess defined high affinity and high selectivity binding part- 
ners. Thus, perhaps not surprisingly, a general experimen- 
tal method. for total proteome analysis remains an elusive 
goal. To date, most proteomics studies have relied on two- 
dimensional gel electrophoresis (2DE) and mass spectrom- 
etry (MS) as their separation and detection technologies, 
respectively [11]. Advances in 2DE-MS methods have in- 
creased their reproducibility and throughput for proteome 
analysis [12]. However, a significant fraction of the pro- 
teome still remains difficult to analyze by 2DE, including 
very large and small proteins, very basic and acidic pro- 
teins, membrane proteins, and low abundance proteins 
[11-13]. In order to permit the general and systematic 
profiling of such 2DE-resistant proteins, proteomics re- 
searchers have proposed that alternative protein separa- 
tion technologies must be developed [11,13]. Regardless, 
even if the requisite advances in separation strategies are 
achieved, it is critical to recognize that as long as proteo- 
mics focuses on measuring exclusively changes in protein 
abundance, it will provide, like genomics, only an indirect 
assessment of dynamics in protein function. Numerous 
post-translational events that regulated protein activity, 
especially those mediated by protein-protein and/or pro- 
tein-small molecule interactions, will remain undetected 
by standard protein abundance-based techniques. 

We have initiated a research program aimed at generat- 
ing chemical probes that profile components of the pro- 
teome in an activity-dependent manner. In their broadest 
application, such activity-based probes (ABPs) would de- 
tect: (I) a significant, but manageable fraction of the pro- 
teome, (2) low abundance proteins and proteins with 
problematic biochemical properties (e.g. membrane pro- 
teins), and (3) dynamics in the activity of proteins inde- 
pendent of changes in their quantity. A prototype agent, a 
biotinylated fluorophosphonate (FP-biotin), was recently 
synthesized and shown to serve as an ABP for the serine 
hydrolase superfamily of enzymes [14]. Similarly, biotinyl- 
ated epoxides and electrophilic ketones have been used to 
profile subclasses of the cysteine protease family [15-17]. 
In each of these examples, researchers exploited a wealth 
of previous knowledge on class-selective reactive groups 
anoVor molecular scaffolds to create ABPs with predictable 
proteome reactivities (e.g. FPs for profiling serine hydro- 
lases). However, for a number of protein families, selective 
active site-directed affinity reagents have not yet been iden- 
tified, and whether such classes of proteins can be profiled 
in the manner illustrated above remains uncertain. Herein, 
we describe a non-directed approach for discovering new 
ABPs that bear both reactivities and selectivities compat- 
ible with whole proteome analysis. Additionally, we show 
that these chemical probes directly affect the activity of 
their target proteins, highlighting their potential utility in 



function-based screens as well as proteomics investiga- 
tions. 



2. Results 

2.1. Selection and synthesis of biotinylated sulfonate esters 
as candidate ABPs 

In order to facilitate the discovery of new ABPs, we 
adopted a non-directed strategy for profiling the chemical 
reactivity of the proteome. A library of candidate ABPs 
was synthesized based on the general scaffold outlined in 
Fig. 1. The structure of an ABP was conceptually divided 
into four pieces: a binding group (BG), a reactive group 
(RG), a linker (L), and a tag (T). The library's reactive 
group was selected as a sulfonate ester, based on the fol- 
lowing criteria. Sulfonates are: (1) moderately reactive 
electrophiles, (2) relatively unexplored as protein labeling 
reagents in biological systems, and (3) facile to modify 
with a variety of chemical structures. Additionally, we 
hoped that by choosing a carbon electrophile as the li- 
brary's reactive group, its bias towards particular enzyme 
classes would be minimized. Indeed, other carbon electro- 



Fig. 1. A: General structure of an ABP. highlighting the probe's four 
main components: a binding group (BG). a reactive group (RG). a link- 
er (L). and a tag (T). Bt Structures of members of an ABP library, 
where the BG is varied, the RG is a sulfonate ester, the L is an ex- 
tended alkyl chain, and the T is biotin. 
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philes like epoxides have been found to engage a large 
variety of enzymes through the alkylation of one of several 
different types of active site amino acids, including cys- 
teine hydrolases (cysteines) [17], metallohydrolases (histi- 
dines) [18-20], glycosidases (glutamates/aspartates) [21], 
and proteosomal subunits (N-terminal amines) [22]. The 
library's binding group was combinatorially varied, while 
its linker moiety was kept constant and served as a bridge 
to the chemical tag (biotin). Through varying the binding 
group, we hoped to direct the sulfonated specific proteome 
reactivity to different proteins and/or protein classes. 

A series of biotinylated sulfonates (Ml; Fig. I) were 
synthesized according to the three step sequence outlined 
in Scheme I. The corresponding aryl or alkylsulfonyl chlo- 
ride was added slowly to a solution of undecene-l-oi (12) 
dissolved in pyridine at 0°C to form the sulfonate (13). 
The procedure of Sharpless and colleagues was utilized 
to oxidatively cleave the terminal' olefin, resulting in for- 
mation of the corresponding carboxylic acid (14) [23]. 
Treatment of 14 with diethylaminosulfur trifluoride fol- 
lowed by the addition of A'-hydroxysuccinimide afforded 
the iV-hydroxysuccinimidyl ester intermediate. The latter 
compound was reacted with commercially available 5-(bi- 
otinamido)pentylamine (NH 2 «biotin, Pierce) in methanol 
to form the desired biotinylated sulfonate ester. 

2.2. Evaluating the specific proteome reactivity of biotinyl- 
ated sulfonates 

To determine whether members of the sulfonate library 
specifically targeted proteins in the proteome, a method 
was developed to rapidly distinguish a probe's specific 
and non-specific proteome reactivities. Each sulfonate (5 
jiM) was reacted with two versions of a rat testis pro- 
teome: a native proteome and a denatured proteome (gen- 
erated by preheating the protein sample for 5 min at 
80°C). After 30 min at 25°C, the sulfonate-proteome re- 
actions were quenched by adding one reaction volume of 
standard sodium dodecyl sulfate (SDS>-PAGE loading 
buffer and analyzed by SDS-PAGE and avidin blotting. 




A sulfonated specific and non-specific proteome reactivity 
were defined as those protein targets that displayed heat- 
sensitive and heat-insensitive labeling, respectively. All sul- 
fonates except the octylsulfonate 7 labeled at least one 
member of the testis proteome in a heat-sensitive manner 
(Fig. 2A,B). Interestingly, four general patterns of specific 
proteome reactivity were observed among the sulfonates. 
The jp-toluenesulfonate 3, butylsulfonate 6, and naphthyl- 
sulfonate 10 each specifically labeled one 55 kDa protein 
(Fig. 2A,B; single arrowhead). The p-methoxybenzenesul- 
fonate 4 and methylsulfonate 5 labeled four members of 
the proteome in a heat-sensitive manner (Fig. 2A; 55 kDa 
(single arrowhead), 42 kDa (double arrowhead), 40 kDa 
(triple arrowhead), and 32 kDa (single dot)), but also 
showed significant additional reactivity with the preheated 
proteome. The benzenesulfonate 2 reacted with three of 
the four proteins labeled by 4 and 5, failing to specifically 
label only the 40 kDa protein. The /?-nitro benzenesulfo- 
nate 8, quinolinesulfonate 9, and thiophenesulfonate 11 
each reacted specifically with a 55 kDa protein, as well 
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Scheme 1. Synthetic route for the generation of biotinvlated sulfonate 

esters. 



Fig. 2. Specific and non-specific proteome reactivities of sulfonates 1-7 
(A) and S-ll (B). For A and B, each sulfonated reactivity with both a 
heated and unhealed version of a rat testis proteome is shown (standard 
reaction conditions: 5 u.M sulfonate. 0.5 u.g/uJ testis protein. 50 m.M 
Tris-HCI. pH 8.0. 100 mM NaCl: 30 min reaction. 25°C). Sulfonate-la- 
beled proteins were detected by SDS-PAGE (7.5 jig protein/lane) and 
avidin blotting. Highlighted with arrowheads and dots are proteins that 
reacted with sulfonates in a heat- sensitive manner (see text). The pro- 
teins labeled in the lanes containing preheated proteoraes (A) were aU 
considered non -specific" sulfonate reactivities, except an 80 kDa protein 
which represented an endogenous avidin-rcactive protein (i.e. also ob- 
served in proteomes not treated with sulfonates; see Fig. 4B). Different 
film exposure u'mes are presented for the high (45-100 kDa. lx time 
exposure* and low (27-45 kDa. 4x time exposure) molecular mass pro- 
teins to permit the signals of labeled proteins to be shown prior to film 
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as two additional proteins poorly labeled by the other 
reagents (Fig. 2B; 36 kDa (single dot) and 30 kDa (triple 
dot)). Finally, the pyridylsulfonate 1 labeled a 55 kDa 
protein and a 31 kDa protein (Fig. 2A,B, single arrowhead 
and double dot, respectively), the latter protein appearing 
uniquely reactive with 1 among the sulfonates that were 
surveyed. Importantly, most of the sulfonate probes with 
the exception of 2, 4, and 5 showed low or negligible 
reactivity with the preheated proteome. 

Although several sulfonate probes showed overlapping 
patterns of specific proteome reactivity, their relative reac- 
tivities with individual proteins differed considerably. For 
example, a 36 kDa protein reacted more strongly with 
quinolinesulfonate 9 than with pyridylsulfonate 1, p-nitro- 
benzenesulfonate 8 or thiophenesulfonate U, while a 55 
kDa protein displayed the opposite probe selectivity (Fig. 
2B). To further examine the different proteome reactivities 
exhibited by individual sulfonates, the labeling pattern of 
pyridylsulfonate 1 was compared to that of methylsulfo- 
nate 5 and quinolinesulfonate 9 in side-by-side analyses 
(Fig. 3A,B, respectively). Sulfonates 1 and 5 exhibited 
quite distinctive patterns of specific proteome reactivity, 
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with 1 most strongly labeling 55 and 31 kDa proteins 
(Fig. 3A, left panel, double arrowheads) and 5 most 
strongly labeling 42 and 32 kDa proteins (Fig. 3 A, left 
panel; single arrowheads). A comparison of the proteome 
reactivities of 1 and 9 identified two proteins that showed 
preferred reactivity with I (Fig. 3B, left panel,. 55 kDa and 
31 kDa; double arrowheads) and two proteins that 
showed enhanced reactivity with 9 (Fig. 3B. left panel. 
36 kDa and 30 kDa; single arrowheads). 

The greater non-specific reactivity of 5 was also evident 
in these side-by-side comparisons, as this agent labeled 
several proteins in a heat-insensitive manner that were 
unreactive towards 1 and 9. Notably, a Coomassie blue- 
stained protein gel revealed that the proteins labeled by 5 
in the preheated proteome represented very abundant pro- 
teins (Fig. 2C, right panel, single arrowheads), consistent 
with the notion that heat-insensitive labeling reflects a 
non-specific form of sulfonate reactivity. In contrast, the 
sulfonate library's heat-sensitive proteome reactivity 
showed no such bias towards abundant proteins. Finally, 
it is interesting to note that little correlation was observed 
between the magnitudes of a sulfonated specific and non- 
specific forms of proteome reactivity, as several probes 
displaying low reactivity with the preheated proteome ex- 
hibited specific reactivities that equaled or exceeded in in- 
tensity those exhibited by probes with high non-specific 
reactivities. 

2.3, Parameters (hat influence a sulfonates specific 
proteome reactivity 

The following features of the sulfonate-proteome reac- 
tion were varied in order to test their influence on the 
observed specific and non-specific protein labeling pat- 
terns; time, sulfonate concentration, pH, and the pres- 
ence/absence of scavenging nucleophiles. For these studies, 
the reactivity of pyridylsulfonate 1 with the testis pro- 
teome was examined. The two testis proteins specifically 
targeted by 1 were labeled at similar rates, with their signal 
intensities increasing from 5 to 40 min and then plateauing 
from 40 to 120 min (Fig. 4A). The absence of additional 
reactivity from 40 to 120 min could signify that the pro- 
teins had labeled to completion by 40 min, or alterna- 
tively, that the concentration of 1 in the reaction was sig- 
nificantly depleted by these later time points (this latter 
explanation seems less likely when taking into account 
that pyridylsulfonates were quite stable to the assay con- 
ditions employed; see below). 

Sulfonate I s specific and non-specific proteome reactiv- 
ities were evaluated over a range of probe concentrations 
(1-50 fiM). From 1 to 10 u.M, sulfonate 1 showed specific 
reactivity with the 31 and 55 kDa proteins that increased 
in intensity with increasing concentrations of reagent (Fig. 
4B). Over this concentration, range,, sulfonate 1 displayed 
very low levels of heat-insensitive reactivity with the pro- 
teome. From 10 to 50 uM of 1. the signal intensitv of the 
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3 1 kDa protein continued to increase, while the intensity 
of the 55 kDa protein remained relatively constant. Over 
this concentration range, sulfonate Is non-specific label- 
ing increased dramatically, especially in the higher molec- 
ular mass range where most of the abundant testis pro- 
teins reside. Importantly, however, no new specifically 
labeled protein targets were identified over this concentra- 
tion range. Thus, a concentration range of 5-10 uM ap- 
peared optimal for maximizing sulfonate Is specific versus 
non-specific proteome reactivity. 

The non-specific and specific proteome reactivities of 
sulfonate 1 showed different pH-dependencies, with the 
former appearing as an inverted bell-shape curve (higher 
background labeling at pH 6 and 9 than at pH 7 and 8) 
and the latter increasing in intensity from pH 6 to 8 and 
plateauing from pH 8 to 10 (Fig. 4C.D). Thus, reactions 
conducted at pH 7 and 8 produced the highest level of 
specific reactivity, while at the same time resulting in the 
lowest degree of non-specific reactivity. 

Sulfonate Is intrinsic reactivity with nucleophiles was 
examined by conducting proteome reactions in the pres- 



ence of millimolar concentrations of free thiols (gluta- 
thione, P-mercaptoethanoi, or dithiothreitol (DTT)). If 
this sulfonate displayed a high reactivity with generic nu- 
cleophiles, then the probe's effective concentration in thiol- 
treated proteome reactions should be greatly reduced, re- 
sulting in a significant decrease in the signal intensity of 
specifically labeled proteins. However, none of the tested 
thiols affected the labeling intensity of the 55 kDa protein, 
indicating that sulfonate Is intrinsic reactivity with nucle- 
ophiles is low (Fig. 4D: see below for more evidence in 
support of this notion). In contrast, a moderate decrease 
in the labeling intensity of the 31 kDa protein was detected 
in the presence of free thiols, possibly indicating that this 
protein's structure/activity is sensitive to these reagents 
(e.g. if this protein's tertiary structure is stabilized by di- 
sulfide bonds). 

2.4. Molecular identification of a protein labeled by bio- 
i in via ted sulfonates 

The screening method described above was enacted to 
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rapidly identify protein targets specifically labeled by 
members of the sulfonate library. By defining these 'spe- 
cific protein targets' as ones that displayed heat-sensitive 
reactivity with sulfonates, we hoped to restrict our focus 
to proteins whose activities would be affected by sulfonate 
labeling. The assumption inherent to this strategy was that 
heat-sensitive labeling was reflective of an event taking 
place within a structured portion of a protein suitable 
for small molecule binding. Such structures were antici- 
pated to often represent either ligand binding pockets of 
receptors or active sites of enzymes. As such, if a sulfonate 
reacted specifically with one of these sites on a receptor or 
an enzyme, its reaction might in turn be expected to affect 
the activity of this protein. In order to test this premise, we 
pursued the molecular identification of the 55 kDa protein 
specifically labeled by several members of the sulfonate 
library. 

A tissue blot with sulfonate 1 revealed that the labeled 
55 kDa protein was most abundant in soluble fractions of 
rat liver (data not shown), and therefore the protein was 
purified from this source. The 55 kDa protein was parti- 
ally purified by Q-Sepharose anion exchange chromatog- 
raphy. Aliquots of the flow-through and elution fractions 
of this column were labeled with 1, and the 55 kDa protein 
was identified in the flow-through fractions. These frac- 
tions were combined, labeled with 5 uM 1 for 30 min, 
and the protein separated from excess sulfonate by size 
exclusion chromatography. The protein sample was then 
treated with avidin agarose beads to isolate the 1-labeled 
55 kDa protein. Elution of the avidin-bound proteins was 
achieved by adding one volume of standard SDS-PAGE 
loading buffer and heating (90°C, 5 min). This avidin- 
based affinity purification procedure provided a highly 
concentrated sample of the 55 kDa protein that was sep- 
arated by SDS-PAGE and either blotted with avidin (Fig. 
5A) or stained with Coomassie blue. The 55 kDa protein 
was excised from the stained gel, treated with trypsin, and 
the resulting peptide mixture analyzed by matrix-assisted 
laser desorption ionization time-of-flight (MALDI-TOF) 
MS. MS-Fit and ProFound searches of protein databases 
identified the protein as cytosolic 2 class I aldehyde dehy- 
drogenase (cALDH-I; nine tryptic peptides ranging from 
1 189 to 2055 Da matched this enzyme, 50% total sequence 
coverage; Fig. 5A), a member of a superfamily of NAD^- 
dependent enzymes responsible for the oxidation of endog- 
enous and exogenous aldehydes to carboxylic acids [24,25]. 

2.5. Recombinant expression of cALDH-1 

In order to confirm the specific reactivity of cALDH-I 
with sulfonate 1, this protein was recombinantly expressed 
in both eukaryotic and prokaryotic systems. The cALDH- 
I cDNA was subcloned into the pcDNA3 mammalian ex- 
pression vector and then transfected into COS-7 and 
MCF-7 cells. cALDH-I-transfected COS-7 and MCF-7 
cells both expressed a 55 kDa protein that labeled strongly 



with sulfonate 1 (Fig. 5B). In contrast, this sulfonate-re- 
active protein was not detected in mock- transfected ver- 
sions of each cell type. cALDH-I was also recombinantly 
expressed in Escherichia coli using the pTrcHis system. 
Lysates from cALDH-I-transformed E coli were treated 
with sulfonate 1 and found to express a single reactive 
protein of the predicted size for the cALDH-I enzyme 
bearing an N-terminal histidine tag (60 kDa: Fig. 5C). 
The His-tagged cALDH-I was purified from £. coli lysates 
by sequential metal affinity and gel filtration chromatog- 
raphy. This prokaryotic expression system routinely pro- 
vided 15 mg/1 culture volume of purified cALDH-I en- 
zyme. 

Members of the sulfonate library displayed a relatively 
broad range of apparent reactivities with cALDH-I in the 
soluble testis proteome, with some probes labeling the 55 
kDa enzyme quite strongly and others displaying little or 
no reactivity towards this protein (see Fig. 2). In order to 
determine whether the sulfonate labeling events observed 
for the 55 kDa protein in the testis proteome reflected 
reactivity primarily with cALDH-I, several sulfonate 
probes were incubated with cALDH-I-transfected COS-7 
extracts. Interestingly, the relative reactivities of sulfonates 
with the COS-expressed cALDH-I enzyme matched 
closely their relative labeling efficiencies wirh the 55 kDa 
testis protein (Fig. 5D), indicating that the sulfonate label- 
ing pattern observed at this molecular mass in the testis 
proteome was predominantly due to cALDH-I. 

2.6. Pyridylsulfonates are time-dependent inhibitors of 
cALDH-I catalytic activity 

cALDH-I-catalyzed oxidation of propionaldehyde to 
propionic acid was measured by observing the reduction 
of NAD+ to NADH at 340 nm. The observed Michaelis 
constant for propionaldehyde (K m = 4.2 uM) displayed by 
the His-tagged recombinant cALDH-I was comparable to 
the reported literature value for this enzyme {K m = 6.5 uM) 
[26]. To examine the effect of sulfonates on cALDH-I's 
catalytic activity, the enzyme was treated with varying 
concentrations of 2-pyridylsulfonyl octanoate (15), a var- 
iant of 1 lacking the probe's biotin tag. Sulfonate 15 in- 
hibited cALDH-I's catalytic activity in a time-dependent 
manner that increased in rate from 2.5 to 15 uM inhibitor 
(Fig. 6A). Concentrations of 15 greater than 15 uM inac- 
tivated cALDH-I at a rate that was too fast to measure 
under the assay conditions employed. The average K 0 J[T\ 
value calculated from reactions conducted at 2.5, 5.0. 7.5, 
10, and 15 uM 15 was (9.7± 1.8)x 10 3 M" 1 min" 1 . 
Although the inactivation of cALDH-I at each concentra- 
tion of 15 could be fit to pseudo-first order kinetics, ex- 
trapolation of these reactions back to time zero did not 
predict 100% enzyme activity. Considering that cALDH-I 
is a homotetrameric protein [27], one possible explanation 
for these data was that individual cALDH-I subunits ex- 
hibited different rates of reactivity with 15. In general sup- 



Research Paper Profiling the specific reactivity of the proteome with non-directed activity-based probes G.C. Adam et al. 7 




,iimimfMnfi.spwR 

W tIM VFANAY1 UU fifiSIK 

) IM^79T4inNNF,WHnSVSnK 
ELCEHGLVEYTELX 
■ oft* »so? iHr.ornpsry.rHF-TTTB 

1971*411 rrFFVOPTVF^N VTDFMg 
i.Or75.YVLGKPLTQGWQCPQlDK 



B 




48- 



MOCK 

A + - 
79 _*+ «« 



48- 



ALDH 




Fig. 5. Identification of a 55 kDa specifically labeled sulfonate target as cALDH-I. A: Avidin-based affinity isolation of the 55 kDa 1-labeled protein. 
Shown is an avidin blot of samples containing the partially purified 55 kDa protein (Q Flow Through) and the affinity-isolated 55 kDa protein (Avidin 
Beads). Also shown are the tryptic peptides from this protein that identified it as cALDH-I. B: Sulfonate 1 labels recombinant cALDH-I in eukaryotic 
expression systems. Protein samples from COS-7 (left panel) and MCF-7 (right panel) cells transfected with the cALDH-1 cDNA or empty vector 
(mock) were reacted with 1 and resolved by SDS-PAGE and avidin blotting. A strongly labeled 55 kDa protein was identified only in the cALDH-l- 
transfected cells. C: Sulfonate 1 labels recombinant cALDH-I in prokaryotic expression systems. A protein sample of E. coli BL-21 cells transformed 
with a His-tagged version of cALDH-I was reacted with I and resolved by SDS-PAGE and avidin blotting. A strongly labeled 60 kDa protein was 
identified, corresponding to the predicted molecular mass of cALDH-I with an appended N-terminal histidine tag. D: Reactivity of recombinantly ex- 
pressed cALDH-1 with members of the sulfonate library. Sulfonate probes (numbers shown above lanes) were reacted with c A L D H - 1 - transfected COS-7 
extracts and the reactions comparatively analyzed by SDS-PAGE and avidin blotting. A mock -transfected COS extract treated with sulfonate 1 was 
also run as a control. Note that the relative reactivity of sulfonates with the COS-expressed cALDH-I enzyme (arrowhead) matched closely their relative 
labeling efficiencies with the 55 kDa protein of the testis proteome (Fig. 2). Top and bottom panels represent I and 5 min film exposures, respectively. 



port of this notion, the kinetics of reactions conducted at 
lower concentrations of 15 appeared biphasic in nature, 
with time points preceding 50% enzyme inhibition predict- 
ing a slightly faster rate of cALDH-I inactivation than 
time points at which greater than 50% cALDH-I activity 



was inhibited. Finally, incubating 15 in the reaction buffer 
(20 mM Tris-HCL pH 8.0. 100 mM NaCl. 1 mM DTT) 
for 60 min prior to the addition of cALDH-I did not affect 
the inhibitor s potency, indicating that this sulfonate was 
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stable to the assay conditions employed (including the 
presence of excess free thiols). 

To probe the nature of 15's interaction with cALDH-I, 
competition studies were performed with both propional- 
dehyde and NAD + . Recombinant cALDH-I was treated 
with 10 \iM 15 for 10 min either in the presence or absence 
of 25 uM propionaldehyde or 50 NAD* and the 
percentage of enzyme activity remaining was determined 
(Table 1). Propionaldehyde had no detectable effect on 
15's inactivation kinetics. In contrast, 50 uM NAD 4- sig- 
nificantly reduced 15's inhibition of cALDH-I, and higher 
concentrations of NAD + completely protected the enzyme 
from inactivation (data not shown). 

2.7. Features of pyridylsulfonates responsible for cALDH-I 
inactivation 

Analogs of 15 were synthesized in which the agent's 
octyl and pyridyl substituents were replaced with ethyl 
(16) and methyl (17) groups, respectively. cALDH-I was 
incubated for 60 min with 50 \xM of either 15, 16, or 17, 
and the percentage of cALDH-I activity remaining was 
determined. While 15 completely inactivated cALDH-I 
under these conditions, 16 and 17 produced weak and 
no inhibition, respectively. A K obs l[T] value of 0.25 M H 
min" 1 was calculated for 16, representing a second order 
inhibition rate constant 40000 times lower than that de- 
termined for 15. 15-17 were also tested for their ability to 
block sulfonate Ts reactivity with cALDH-I in the soluble 
testis proteome. The testis proteome was preincubated for 
30 min with each non-biotinylated sulfonate at concentra- 
tions of 5 or 50 u.M. The proteome samples were then 
treated with 5 uM 1 and the reaction mixtures incubated 
for 30 min prior to analysis by SDS-PAGE and avidin 
blotting. Consistent with the inhibition kinetics described 
above, only 15 blocked the labeling of cALDH-I by 1 in 
the testis proteome (Fig. 6B). Collectively, these data high- 
light that the interaction of sulfonate 1 with cALDH-I 
depends on the chemical nature of both the linker and 
binding groups of the inhibitor. 

2.8. Multiplexing ABPs increases proteome coverage 

Although individually, biotinylated sulfonates only pro- 
filed a modest fraction of the proteome, their application 
together, or in combination with other ABPs ('multiplex- 
ing') may significantly augment the number of proteins 
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100 
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50 uM NAD' 
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25 uM Propionaldehyde 
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14 



visualized in a single assay. To test this notion, the rat 
testis proteome was treated with either 2.5 uM sulfonate 
1, 5 uM FP-biotin, or a mixture of 2.5 u,M 1 and 5 \iM 
FP-biotin [14], and the resulting heat-sensitive labeling 
profiles were visualized by SDS-PAGE and avidin blot- 
ting. As can be seen in Fig. 7, applying a mixture of 
sulfonate 1 and FP-biotin to the testis proteome effectively 
detected in a single sample the proteins labeled by both 
probes individually. Notably, a preheated sample treated 
with the same probe mixture displayed a very low level of 
labeling that was comparable to the non-specific reactivity 
observed when each probe was tested alone. These data 
suggest that by multiplexing ABPs, one can significantly 
increase the coverage of specific protein reactivities detect- 
able in a single proteome assay. 



Fig. 6. Sulfonates are time-dependent inhibitors of cALDH-l. A: Time- 
dependent inactivation of cALDH-I as a function of sulfonate 15 con- 
centration. Recombinant, purified cALDH-l was incubated with differ- 
ent concentrations of 15 and at the time points shown, aliquots of the 
reaction were removed and assayed for enzyme activity using 1 m.M 
propionaldehyde and 0.5 mM NAD* as substrate and cofactor, respec- 
tively. Concentrations of 15 were: solid diamonds. 2.5 uM; hollow dia- 
monds. 5 uM: solid circles, 7.5 U.M; hollow circles, 10 uM; solid 
squares, 15 uM. B: Competition reactions between sulfonate 1 and 
structural analogs 15-17. Sulfonate 15 effectively blocked the labeling of 
cALDH-I by 1 in the testis proteome. Analogs of 15 in which this sul- 
fonate s pyridyl and octyl groups were replaced with methyl and ethyl 
groups, respectively (16 and 17. respectively), did not block the labeling 
of cALDH-I by 1. 
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Fig. 7. Multiplexing ABPs increases the number of protein activities de- 
tected in a single proteome. Shown is a comparison of the heat-sensitive 
labeling patterns of a testis proteome treated with pyridylsulfonale 1 
(2.5 uM), FP-biotin (4 uM), or a mixture of pyridylsulfonale 1 (2.5 
uM) and FP-biotin (4 uM). The mixture -treated proteome exhibited a 
labeling profile similar to that predicted from merging the profiles of 
the proteome treated with each A BP alone. 



3. Discussion 

Genomics and proteomics aim to characterize on a 
global level changes in the expression of genes, and pro- 
teins, respectively. Both methods generate data that are 
anticipated to reflect dynamics in molecular and cellular 
function. Considering that proteins are the main compo- 
nents of the cell responsible for executing its various ac- 
tivities, proteomics data could be viewed as bringing one 
conceptually closer to the goal of understanding complex 
cellular function. However, proteomics initiatives face seri- 
ous methodological challenges that have limited their im- 
pact, especially when compared to the technically more 
feasible field of genomics. To date, the field of proteomics - 
has relied primarily on 2DE and MS as its separation and 
detection methods, respectively [1 1-13]. Although a signif- 
icant fraction of the proteome can be analyzed with 2DE- 
MS methods, numerous classes of proteins remain unde- 
tected, including very large/small, highly basic/acidic, 
membrane, and low abundance proteins [11-13]. More- 
over, by measuring changes in protein abundance, stan- 
dard proteomics experiments provide only an indirect as- 
sessment of dynamics in protein activity. 

We have initiated a research program aimed at generat- - 
ing chemical probes that profile components of the pro- 
teome in an activity-dependent manner. For example, a 
biotinylated fluorophosphonate (FP-biotin) was recently 
described that acts as an ABP for the serine hydrolase 
superfamily of enzymes [14]. Similarly, other researchers 
have generated biotinylated epoxides and electrophilic ke- 
tones as profiling agents for subclasses of cysteine pro- 
teases [15-17]. Each of these ABPs measures changes in 
enzyme activity directly in complex proteomes. thereby 
offering a global visualization of dynamics in protein func- 
tion independent of changes in protein abundance. Addi- 



tionally, an ABP's biotin tag serves not only as a sensitive 
detection device for classes of low abundance and bio- 
chemically problematic proteins (e.g. membrane proteins; 
our unpublished data), but also as a means for rapidly 
isolating and identifying labeled proteins using avidin- 
based solid supports. 

In the design of ABPs that targeted serine and cysteine 
hydrolases, researchers exploited a set of thoroughly char- 
acterized active site-directed reactive groups and/or chem- 
ical structures. However, for many enzyme and protein 
families, well-defined affinity labeling reagents have not 
yet been identified. In order to expedite the discovery of 
new ABPs that show protein selectivities and reactivities 
compatible with complex proteome analyses, we have syn- 
thesized a library of biotinylated sulfonate esters and ap- 
plied these agents to complex proteomes using an assay 
that distinguished their specific and non-specific protein 
reactivities. This assay involved comparing a sulfonated 
reactivity with native and heat-denatured versions of the 
proteome. Proteins that showed heat-sensitive sulfonate 
reactivity were considered 'specific protein targets', while 
those that were labeled in both native and heat-denatured 
proteomes were defined as 'non-specific protein targets'. 
We hypothesized that proteins reacting with members of 
the sulfonate library in a heat-sensitive manner would 
likely possess structured sites for small molecule interac- 
tion, and that these sites would often determine the bio- 
logical activity of the protein (e.g. ligand binding pockets 
of receptors or active sites of enzymes). In such cases, 
sulfonate labeling was hoped to affect the function of 
the protein target. 

Members of the sulfonate library displayed strikingly 
different specific and non-specific proteome reactivities. 
At low micromolar concentrations, most sulfonates exhib- 
ited heat-sensitive reactivity with a discrete number of: 
proteins, while at the same time showing very low or neg- 
ligible reactivity with the heat-denatured proteome. Indi- 
vidual sulfonates displayed unique patterns of specific re- 
activity, and even subtle variations in the sulfonated 
binding group resulted in significant changes in proteome 
labeling. For example, the pyridyl (1), benzene (2), and p- 
tosyl (3) sulfonates, despite their structural similarity, all 
displayed distinct specific proteome reactivities, with 1 la- 
beling 31 and 55 kDa proteins. 2 labeling 32, 42, and 55 
kDa proteins, and 3 labeling exclusively a 55 kDa protein. 
A few sulfonates, like the p-methoxybenzenesulfonate 4. 
exhibited a high degree of non-specific reactivity, labeling 
numerous proteins in both heat-denatured and native pro- 
teomes. All of these non-specific targets represented pro- 
teins of high abundance (as judged by. Coomassie blue 
staining), suggesting that a sulfonated heat-insensitive la- 
beling was more reflective of its intrinsic reactivity than a 
selective association with particular constituents of the 
proteome. In contrast, the sulfonate library's heat-sensitive 
labeling showed no such bias towards abundant proteins, 
indicating that these reactivities resulted from specific 
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small molecule-protein interactions. We speculate that an 
expanded library of ABPs in which not only the binding 
group, but also the linker and reactive group are varied 
will uncover additional probes that display distinct pat- 
terns of specific proteome reactivity. 

Perhaps not surprisingly, the ratio of a sulfonated spe- 
cific versus non-specific reactivity depended strongly on 
the concentration of the agent applied to the proteome 
For example, sulfonate 1 showed negligible heat-insensi- 
tive labeling at 1-5 uM concentrations, but as its concen- 
tration approached 50 uM, the'probe began to label nu- 
merous proteins in both the native and heat-denatured 
proteomes. Interestingly, no additional heat-sensitive reac- 
tivities were detected when the concentration of 1 was 
raised from 5 to 50 uM. Collectively, these data highlight 
the importance of determining ' for a given electrophilic 
probe the concentration range over which the agent's ratio 
of specific versus non-specific reactivity is maximized. 

To examine the sulfonate library's specific proteome re- 
activities in more detail, a heat-sensitive 55 kDa protein 
target was isolated by avidin-based affinity chromatogra- 
phy and identified as cALDH-I. ALDHs constitute a 
superfamily of enzymes that utilize the cofactor NAD" 
(NADP+) to oxidize exogenous and endogenous aldehydes 
to carboxylic acids through formation of a thioester inter- 
mediate with an active site cysteine nucleophile [28-30]. 
The ALDH family is divided into three subclasses: the 
homotetrameric cytosolic class I and the mitochondrial 
class II isoforms and the homodimeric cytosolic class III 
isoforms [25,27]. Genome sequencing projects have identi- 
fied numerous ALDHs in Drosophila melanogaster (28 
ALDHs), Caenorhabditis elegans (13 ALDHs), and Sac 
charomyces cerevisiae (13 ALDHs) [31]. In humans, at 
least 16 ALDH genes have already been characterized 
[32]. Mammalian ALDHs are noted for their roles in ret- 
inoic acid biosynthesis [33], the detoxification of nitrogen- 
mustard based chemotherapeutic agents [34-36], and the 
catabolism of ethanol to acetic acid [37]. cALDH-I, a 
quantitatively minor, though widely distributed cytosolic 
protein, appears to function in the retinoid signaling path- 
way by catalyzing the irreversible oxidation of retinal to 
retinoic acid [38.39]. 

The heat-sensitive reactivity of cALDH-I with sulfonate 
1 was confirmed by expressing this enzyme in both eukary- 
otic and prokaryotic systems. Additionally, sulfonate 15 (a 
non-biotinylated version of 1) was found to act as a time- 
dependent irreversible inhibitor of cALDH-I, exhibiting a 
■ WP1 value of 9.7 X10 3 M H min" 1 (similar inhibitory 
properties were observed for sulfonate 1; data not shown). 
Excess NAD" protected cALDH-1 from inhibition by 15 
(as well as from labeling by 1 in complex proteomes; data 
not shown), consistent with the notion that this sulfonate 
labeled cALDH-I at or near its active site. Analogs of 15 
in- which the agent's pyridyl and octyl groups were re- 
placed with methyl and ethyl groups, respectively, were 
inactive as cALDH-I inhibitors, indicating that both the 



binding group and linker components of 15 contributed 
significant binding interactions. Nonetheless, saturation 
kinetics could not be achieved with 15 even at concentra- 
tions as high as 20 uM, indicating that its binding affinity 
for cALDH-I is relatively weak. These data, in conjunc- 
tion with the recognition that sulfonate 1 reacted with 
only two proteins in the testis proteome, suggest that an 
ABP displaying a combination of tempered reactivity and 
modest binding affinity can engage in protein labeling 
events of high selectivity. 

The relatively potent and selective inhibition of 
cALDH-I by 15 raises several intriguing issues. First, 
what is the mechanism by which 15 reacts with cALDH- 
I? Although it is attractive to speculate that the enzyme's 
cysteine nucleophile represents the site of sulfonate label- 
ing, the cALDH-I-15 adduct has not yet been isolated and 
characterized. If cALDH-I's nucleophile does prove to be 
the site of reactivity, then sulfonates appended with the 
appropriate binding group(s) could act as active site-di- 
rected profiling agents for the ALDH family as a whole. 
Indeed, considering that many ALDHs are 55 kDa in size, 
at present we cannot exclude the possibility that our sul- 
fonate library is reacting with more than one ALDH in the 
proteome. Finally, sulfonates like 15 could serve as lead 
compounds for the generation of highly selective and po- 
tent inhibitors of ALDHs, an enzyme family of significant 
therapeutic importance. On this note, disulfiram, a rela- 
tively non-selective ALDH inhibitor, has been used clini- 
cally for many years in alcohol aversion therapy [40]. 
However, disulfiram's therapeutic utility is limited by its 
high reactivity in vivo, resulting in the non-specific carba- 
moylation of several serum and cellular proteins [41,42] 
and glutathione [43]. Thus, more selective and potent 
ALDH inhibitors may find application in the treatment 
of alcoholism, as well as various forms of cancer [34-36]. 

4. Significance 

The chemical and biochemical approaches described 
herein represent an alternative strategy for analyzing the 
proteome that is both complementary and in some aspects 
superior to the standard 2DE-MS methods currently in 
practice. By treating complex proteomes with a library 
of chemical probes bearing a moderately reactive sulfonate 
ester, diverse patterns of specific protein reactivity were 
identified. Probes were characterized in terms of their 
heat-sensitive protein labeling patterns, permitting the dis- 
covery of reagents that profiled proteins based on proper- 
ties other than abundance. Although such ABPs when 
applied individually to the proteome detected only a lim- 
ited set of proteins, their utility in combination should 
greatly enhance the characterization of a large number 
of low abundance proteins. Finally, the discovery that 
sulfonate probes not only labeled cALDH-I in complex 
proteomes, but also inhibited this enzyme's catalytic activ- 
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ity suggests that, at least in this one example, a screen for 
heat-sensitive labeling events accurately identified a small 
molecule-protein reaction that impacted the protein's bio- 
logical function. If this correlation proves generalizable, 
non-directed approaches for profiling the specific reactivity 
of the proteome may generate chemical reagents applica- 
ble for both proteomics investigations and cell-based func- 
tional screens. In this latter case, one could envision 
screening a library of ABPs for compounds that possess 
a particular cellular bioactivity, and then comparing the 
proteome labeling patterns of biologically active and in- 
active library members to identify the affected protein tar- 
gets). 



5. Materials and methods 

5.1. Synthesis alky I and aryl sulfonate esters 

All reactions were carried out under an atmosphere of 
argon unless specified. Methylene chloride (CH 2 C1 2 ) was 
dried by passing through activated alumina columns. 
Commercial reagents of high purity were purchased and 
used without further purification unless otherwise noted. 
Nuclear magnetic resonance (NMR) spectra were obtained 
on a Bruker AMX-400 instrument and calibrated to the 
residual solvent peak. The multiplicities are abbreviated as 
follows: s = singlet, d = doublet, t = triplet, q = quartet, 
p - pentet, m = multiplet). 

The synthesis of 10-((2-pyridylsulfonyl)oxo)-jV-biotina- 
midopentyldecanamide (1) is provided as a representative 
synthesis of the 1 1 biotinylated alkyl and aryl sulfonates 
d-11). 

5. 1. J. ((2-Pyridylsulfonyl)oxo)-10-undecene (13) 

A solution of co-undecylenyl alcohol (12) (0.50 g, 2.91 
mmol, 1.0 equivalents (equiv.)) in pyridine (4 ml) was 
cooled to 0°C and treated with 2-pyridylsulfonyI chloride 
(1.04 g, 5.87 mmol, 2.0 equiv.), prepared according to the 
procedure of Corey and colleagues [44]. The reaction mix- 
ture was kept at 0°C for 6 h, then partitioned between 
ethyl acetate (50 ml) and water (25 ml). The organic layer 
was washed with 10% aqueous HC1 (2x50 ml) and satu- 
rated aqueous NaCl (50 ml), dried (MgS0 4 ), and concen- 
trated under reduced pressure. Column chromatography 
(2% EtO Ac/Hex) afforded 13 as a colorless oil (98%): 
•H NMR (CDCI3, 400 MHz), S 8.61 (m, 1H, Ar//), 7.89 
(m. 2H. Ar//), 7.47 (m, 1H, Ar//), 5.67-5.60 (m, 1H, 
RC//=CH 2 ), 4.84-4.74 (m, 2H, RCH = C// 2 ), 4.21 (t, 7= 
6.4 Hz. 2H, C// 2 OS0 2 Pyr), 1.88 (in, 2H, C// 2 CH = CH 2 ), 
1.55 (p, 2H, 7 = 6.8 Hz, 2H, C// 2 CH 2 OS0 2 Pyr), 1.20-1.08 
(m, 12H): MALDI-FTMS 334.1433 (C, 6 H 2 5N0 3 S+Na- 
requires 334.1447). 



sic solution composed of CCU-CH 3 CN-H 2 0 (10 ml-10 
ml- 15 ml) with a total volume of 35 ml was treated se- 
quentially with sodium periodate (2.53 g, 11.80 mmol, 4.1 
equiv.) and ruthenium trichloride hydrate (0.005 g, 0.02 
mmol, 0.03 equiv.). The reaction was stirred at 25°C over- 
night then partitioned between CH 2 C1 2 (100 ml) and 1 N 
aqueous HC1 (2x 100 ml). The organic layer was washed 
with saturated aqueous NaCl (100 ml), dried (MgS0 4 ) and 
concentrated under reduced pressure. Column chromatog- 
raphy (40% EtO Ac/Hex) afforded 14 (80%): ! H NMR 
(CDCI3, 400 MHz), S 8.84 (d, 7=4.0 Hz, 1H, Ar//), 
8.11 (d, 7=5.9 Hz, 1H, Ar//), 8.05 (t, 7 = 6.0 Hz, 1H, 
Ar//), 7.65 (t, 7=3.3 Hz, 1H, Ar//), 4.37 (t, 7 = 6.6 Hz, 
2H, C// 2 OS0 2 Pyr), 2.34 (t, 7=7.4 Hz, 2H, C// 2 COOH), 
1.70 (p, 7=8.0 Hz, 2H, C// 2 CH 2 COOH), 1.61 (p, 7=7.3 
Hz, 2H, C// 2 CH 2 OS0 2 Pyr), 1.25 (m, 10H): MALDI- 
FTMS (DHB) mlz 352.1202 (C| 5 H. 3 N0 5 S+Na + requires 
352.1189). 

5.1.3. 10-( (2'Pyridylsulfonyl)oxo)-N-biotinamidopentylde- 
canamide (1) 

A solution of 14 (0.030 g, 0.09 mmol, 10 equiv.) in 
CH 2 CI 2 (1.5 ml) at -78°C was treated dropwise with (di- 
ethy!amino)sulfur trifiuoride (0.027 ml, 0.21 mmol, 22 
equiv.), brought to 25°C, and stirred for 10 min. The re- 
action was then treated with one-half reaction volume of 
dimethylformamide containing A^-hydroxysuccinimide 
(0.05 g, 0.04 mmol, 40 equiv.) and stirred for an additional 
15 min at 25°C. The reaction mixture was partitioned 
between ethyl acetate (50 ml) and water (50 ml). The or- 
ganic layer was washed with saturated aqueous NaCl (200 
ml), dried (Na 2 S0 4 ), and concentrated under reduced 
pressure to afford 10-((2-pyridylsulfonyl)oxo)-/v*-(hydroxy- 
succinyl)decanamide (as judged by crude l H NMR; data 
not shown). Without further purification, the intermediate 
was treated with 5-(biotinamido)-pentyIamine (Pierce, 
0.003 g, 0.009 mmol, 1.0 equiv.) in MeOH (0.04 ml) and 
stirred for 30 min. The solvent was evaporated under a 
stream of nitrogen, and the remaining residue was washed 
with ethyl acetate (2x2.5 ml), solubilized in a minimal 
volume of chloroform, transferred to a clean glass vial, 
and the solvent evaporated. This process was repeated to 
rid the desired biotinylated product of excess reagents and 
byproducts, affording 4 as a white film (0.004 g, 46%): l H 
NMR (CDC1 3 , 400 MHz), $8.79 (d, 7=7.0 Hz, 1H. Ar//), 
8.06 (m, 2H, Ar//), 7.61 (t, 7=7.3 Hz, 1H, Ar//), 6.05 (b 
s, 1H, N//), 5.91 (b s, 1H. N//), 5.60 (b s, 1H, N//), 4.77 
(b s, 1H, N/0, 4.54 (m, 1H), 4.39 (m, 1H+2H, 
C// 2 OS0 2 R), 3.22 (m, 4H, C// 2 NHCOR), 3.11 (m. 1H), 
2.92 (dd, 7 = 4.0 and 12.9 Hz, 1H), 2.76 (d. 7= 13.3 Hz. 
1H), 2.18 (m, 4H, C// 2 CONHR), 1.67-1.28 (m, 26H): 
MALDI-FTMS (DHB) mlz 640.3209 (C 3 oH49N50 6 S 2 +H- 
requires 640.3202). 



5. 1.2. 10- ( ( 2-Pyridylsulfonyl)oxo ) -decanoic acid f 14 } 
Compound 13 (0.90 g. 2.88 mmol. 1 equiv.) in a bipha- 
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5.1.4. W-( ( Benzenesulfonyl)oxo)-N-biotinamidopentyldeC' 
anamide (2) 

'H NMR (CDC1 3 , 400 MHz), J 7.93 (d, 7=7.0 Hz, 2H, 
Ar/O, 7.67 (t, 7=7.4 Hz, IH, Ar//), 7.59 (t, 7=7.3 Hz! 
2H, Ar//), 6.06 (b s, 1H, N//), 5.87 (b s, 1H, N/0. 5.63 (b 
s, IH, N/O, 4.79 (b s, 1H, N/O, 4.53 (m, 1H), 4.37 (m 
1H), 4.07 (t, 7=6.4 Hz, 2H, C// 2 OSO,R), 3.26 (m, 4H 
C// 2 NHCOR). 3.09 (m, 1 H), 2.93 (dd. 7= 5.0 and 7 9 Hz 
IH), 2.76 (d, 7=13.0 Hz, 1H), 2.19 (m, 4h! 
C// 3 CONHR), 1.62-1.26 (m, 26H); MALDI-FTMS 
(DHB) mlz 639.3244 (C 31 H5oN 4 0 6 S 2 +H* requires 
639.3245). 

5.1.5. 10-{ (p-Toluenesulfonyl)oxo)-N-biotinamidopentyld- 
ecanamide (3) 

'H NMR (CDCI3, 400 MHz), 5 7.78 (d, 7=8.5 Hz, 2H, 
Ar/O, 7.37 (d, 7=7.9 Hz, 2H, Ar//), 5.91 (b s, IH, N//)' 

5.84 (b s, IH, AT/), 5.49 (b s, IH, N//), 4.76 (b s, Ih! 
N/0, 4.53 (m, IH), 4.35 (m, IH), 4.02 (t, 7=6.4 Hz, 2H 
C// 2 OS0 2 R), 3.25 (m, 4H, C// 2 NHCOR), 3.18 (m, IH),' 
2.93 (dd, 7=5.0 and 7.9 Hz, IH), 2.76 (d, 7=12.9 Hz, 
IH), 2.46 (s, 3H, C// 3 Ar), 2.19 (m, 4H, C// 2 CONHR),' 
1-70-1.50 (m, 26H); MALDI-FTMS (DHB) mlz 
653.3381 (C 32 H5 2 N 4 06S2+H + requires 653.3401). 

5.1.6. 10'( ( 4-Methoxybenzenesulfonyl)oxo )-N-biotinamid- 
opentyldecanamide (4) 

'H NMR (CDC1 3 , 400 MHz), J 7.86 (d, 7=8.8 Hz, 2H, 
Ar//), 7.03 (d, 7 = 8.8 Hz, 2H, Ar//), 5.96 (b s, IH, N//)! 

5.85 (b s. IH, N/0, 5.57 (b s, IH, N/0, 4.84 (b s, 1H^ 
N/0, 4.53 (m, IH), 4.37 (m, IH), 4.01 (t, 7=6.5 Hz m 
C// 2 OS0 2 R), 3.90 (s, 3H, C// 3 OAr), 3.25 (m, 4H 
C// 2 NHCOR), 3.17 (m, IH), 2.95 (dd, 7=4.7 and 7.7 
Hz, IH). 2.73 (d, 7=12.9 Hz, IH), 2.25 (m, 4H 
C// 2 CONHR), 1.63-1.26 (m, 26H); MALDI-FTMS 
(DHB) mlz 669.3381 (C 32 H 52 N 4 0 7 S,+H + requires 
669.335). . 

5.1.7. 10-(( Methylsulfonyl)oxo)-N'biotinamidopentyldeca' 
namide (5) 

'H NMR (CDC1 3 , 400 MHz), 56.00 (b s, IH, N/0, 5.85 
(b s, IH, N/0, 5.60 (b s. IH, N/0, 4.81 (b s. IH, N/0, 

4.53 (m, IH), 4.37 (m, IH), 4.35 (t, 7=6.2 Hz, 2H 
C// 2 OS0 2 R), 3.26 (m, 4H, C// 2 NHCOR), 3.18 (m. IH),' 
2.93 (dd, 7=5.0 and 7.9 Hz. IH), 2.76 (d, 7=12.9 Hz. 
IH), 2.21 (m, 4H, C// 2 CONHR), 2.05 (s. 3H, 
// 3 CS0 3 R), 1.75-1.27 (m, 26H); MALDI-FTMS mlz 
577.3105 (C 26 H 48 N 4 0 6 S 2 +H^ requires 577.3088). 

5.1.8. 10-( ( Butylsulfonyl)oxo)-N-biotinamidopentyldecan- 
amide (6) 

1 H NMR (CDC1 3 , 400 MHz), 5 5.93 (b s, IH, N/0, 5.84 
(b s, IH. N/0, 5.53 (b s, IH, N/0, 4.82 (b s. IH, N/0, 

4.54 (m. IH), 4.37 (m, IH), 4.21 (t, 7=6.2 Hz. 2H, 
C// : OSO : R). 3.26 (m, 4H. C// 2 NHCOR). 3.19 (m, IH); 
3.09 (t. 7 = 4.1 Hz. 2H, C// 2 S0 3 R). 2.93 (dd. 7=4.6 and 



7.4 Hz, IH), 2.76' (d, 7=9.1 Hz, IH), 2.21 (m, 4H, 
C// 2 CONHR), 2.16-1.31 (m, 30H), 0.97 (t, 7=7.3 Hz, 
3H); MALDI-FTMS (DHB) mlz 619.3530 
(C 2 9H S 4N 4 0 6 S 2 +H^ requires 619.3530). 

5.1.9. 10-( ( Octyhulfonyl)oxo)-N-biotinamidopentyldecan- 
. amide (7) 

'H NMR (CDC1 3 , 400 MHz), 56.05 (b s, IH. N/0, 5.87 
(b s, IH, N/0, 5.81 (b s, IH, N/0, 5.00 (b s, IH, N/0, 
4.53 (m, IH), 4.35 (m, IH), 4.21 (t, 7=6.2 Hz, 2H,' 
C// 2 OS0 2 R), 3.25 (m, 4H, C// 2 NHCOR), 3.17 (m, IH), 
3.09 (t, 7 = 8.5 Hz, 2H, C// 2 S0 3 R), 2.93 (dd, 7 = 4.7 and 
7.9 Hz, IH), 2.76 (d, 7=12.9 Hz, IH), 2.19 (m, 4H, 
C// 2 CONHR), 1.86 (p, 7=7.9 Hz, 2H, C//,CH,S0 3 R), 
1.76-1.31 (m, 36H), 0.89 (t, 7=6.4 Hz, 3H); MALDI- 
FTMS (DHB) mlz 675.4173 (C 33 H 6 ,N 4 0 6 S.+H^ requires 
675.4184). 

5.1.10. W'((4-Nitrobenzenesulfonyl)oxo)-N-biotinamidop- 
entyldecanamide (8) 

'H NMR (CDCI 3 , 400 MHz), 58.44 (d, 7 = 9.1 Hz, 2H, 
Ar/0, 8.14 (d, 7=9.1 Hz, 2H, Ar/0, 5.90 (b s, IH, N/0, 
5.82 (b s, IH, N/0, 5.50 (b s, IH, N/0, 4.86 (b s, IH, 
N/0, 4.54 (m, IH), 4.37 (m, IH), 4.14 (t, 7=6.5 Hz, 2H, 
C// 2 OS0 2 R), 3.25 (m, 4H, C// 2 NHCOR), 3.18 (m. IH), 
2.96 (dd, 7=5.0 and 7.9 Hz, IH), 2.76 (d, 7=15.0 Hz, 
IH), 2.21 (m, 4H, C// 2 CONHR), 1.72-1.26 (m, 26H); 
MALDI-FTMS (DHB) mlz 684.3069 (C 3l H 4 9N<O s S,+H- 
requires 684.3095). 

5.1.11. 10-(( 8-Qumoiinesulfonyl)oxo)-N'biotinamidopem- 
yldecanamide (9) 

'H NMR (CDC1 3 , 400 MHz), 59.17 (m, IH, Ar/0, 8.53 
(d. 7=5.8 Hz, IH, Ar/0, 8.50 (d, 7=6.4 Hz. IH, Ar/O. 
8.16 (d, 7=6.7 Hz, IH, Ar/0, 7.70 (t, 7=7.6 Hz, IH, 
Ar/0, 7.61 (q, 7=3.9 Hz, IH, Ar/0, 6.06 (b s, IH 
N/O, 5.93 (b s, IH, N/0,. 5.73 (b s, IH, N/0. 5.08 (b s! 
IH, N/O. 4.54 (m, IH), 4.35 (m, IH), 4.30 (t, 7=6.5 Hz. 
2H, C// 2 OS0 2 R), 3.27 (m, 4H, C// 2 NHCOR). 3.18 (m, 
IH), 2.96 (dd, 7=5.0 and 7.9 Hz. IH), 2.77 (d. 7=15 
Hz, IH), 2.21 (m, 4H. C// 2 CONHR), 1.68-1.18 (m, 
26H); MALDI-FTMS 712.3189 (C 3 4H 5 ,Ns0 6 S,+Na- re- 
quires 712.3173). 

5.1.12. 10-( (2'Naphthalenesulfonyl)oxo)-N'biotmamidope' 
ntyldecanamide (10) 

'H NMR (CDC1 3 , 400 MHz), 58.49 (s. IH. Ar/O, 7.98 
(t, 7 = 8.2 Hz, 2H, Ar/0, 7.93 (d, 7 = 7.9 Hz, IH, Ar/0, 
7.87 (d, 7 = 8.8 Hz. IH, Ar/O, 7.65 (p, 7=7.0 Hz, 2H. 
Ar/0, 6.05 (b s, IH, N/O, 5.91 (b s, IH, N/O, 5.60 (b s. 
IH, N/O. 4.77 (b s, IH, N/O, 4.53 (m. IH). 4.37 (m, IH), 
4.06 (t. 7=6.4 Hz, 2H, C// 2 OSO,R), 3.25 (m, 4H. 
C// : CONHR), 3.17 (m. IH). 2.95 (dd, 7=5.0 and 7.6 
Hz, IH), 2.77 (d. 7=14.0 Hz), 2.17 (m. 4H, 
C//2CONHR). 1.71-1.20 (m. 26H): MALDI-FTMS 
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(DHB) mlz 689.3379 (C 3 5Hj 2 N40 6 S 2 +H + requires 
689.3401). 

5. 1.13. 10-( ( 2-Thiophenesulfonyl)oxo)-N-biotinamidopent- 
yl)decanamide (11) 

! H NMR (CDCI3, 400 MHz), 5 7.74 (t, 7 = 5.0 Hz, 2H, 
Ar//), 7.16 (t, 7=3.8 Hz, 1H, Ar//), 5.90 (b s, 1H, N//), 
5.84 (b s, 1H. N//), 5.47 (b s, IH, N//), 4.75 (b s, IH, 
N//), 4.53 (m, 1H), 4.35 (m, 1H), 4.12 (t, 7=6.4 Hz, 2H, 
C// 2 OS0 2 R), 3.26 (m, 4H, C// 2 NHCOR), 3.19 (m, IH), 
2.95 (dd, 7=5.3 and 7.6 Hz, IH), 2.76 (d, 7=12.9 Hz, 
1H), 2.17 (m, 4H, C// 2 CONHR), 1.67-1.26 (m, 26H); 
MALDI-FTMS (DHB) mlz 645.2817 (C 29 H 48 N 4 0 6 S3+H + 
requires 645.2809). 

5.1.14. l-(2-Pyridylsulfonyl)oxo-octane (15) 

To 3.0 ml of anhydrous triethylamine (23.04 mmol, 30 
equiv.) at 0°C was added 1-octanol (0.10 g, 0.77 mmol, 1 
equiv.) followed by the addition of 2-pyridylsulfonyl chlo- 
ride in one portion. The mixture was kept at 0°C for 3 h 
followed by the addition of water (5 ml). The resulting 
mixture was extracted with diethyl ether (3 x 50 ml), then 
the organic extracts were combined and washed with 
aqueous NaHC0 3 solution (50 mi), dried (MgS0 4 ), and 
concentrated under reduced pressure. Column chromatog- 
raphy (2% EtOAc/Hex) afforded 15 (99%): l H NMR 
(CDCI3, 400 MHz), 5 8.68 (d, 7=7.0 Hz, IH, Ar//), 
7.94 (p, 7=8.8 Hz, 2H, Ar//), 7.54 (t, 7 = 6.4 Hz, IH, 
Ar//), 4.26 (t, 7=6.7 Hz, 2H, C// 2 OS0 2 R), 1.61 (p, 
7=7.9 Hz, 2H), 1.13 (m, I0H), 0.76 (t, 7=7.0 Hz, 3H); 
MALDI-FTMS 294.1130 (C,3H 2 ,N0 3 S+Na^ requires 
294.1134). 

5.1.15. l'(2- Pyridylsulfonyl ) oxo-e thane (16) 

To a solution of triethylamine (0.86 g, 8.51 mmol, 2.2 
equiv.) in dichloromethane (3 ml) at 0°C was added etha- 
nol (0.18 g, 3.87 mmol, 1 equiv.) followed by the addition 
of 2-pyridylsulfonyl chloride (0.83 g, 4.65 mmol, 1.2 
equiv.). After stirring for 4 h at 0°C, the solution was 
concentrated under reduced pressure. The concentrate 
was dissolved in aqueous NaHC0 3 solution (50 ml) and 
extracted with diethyl ether (3 x 50 ml). The ether extracts 
were combined and washed with aqueous NaCl (50 ml), 
dried (MgS0 4 ), and concentrated under reduced pressure. 
Column chromatography (5% EtOAc/Hex) afforded 16 
(95%): 'H NMR (CDC1 3 . 400 MHz), 8 8.70 (d, 7 = 4.7 
Hz, IH, Ar//), 7.95 (p, 7=6.4 Hz, 2H, Ar//), 7.56 (t, 
7=5.3 Hz, IH, Ar//), 4.37 (q, 7=7.0 Hz, 2H, 
C// 2 OS0 2 R), 1.29 (t, 7=7.0 Hz, 3H); MALDI-FTMS 
188.0000 (C 6 H 9 NOS+H- requires 188.0376). 

5.1.16. 1-(M eihanesulfonyl) oxo-octane (17) 

To a solution of triethylamine (0.12 g, 1.15 mmol, 1.5 
equiv.) in dichloromethane (3 ml) was added octanol (0.10 
g. 0.77 mmol, 1.0 equiv.) at 0°C followed by the addition 
of methanesulfonyl chloride (0.10 g, 0.85 -mmol. 1.1 



equiv.), over a period of 5 min. After 30 min at 0°C, the 
reaction mixture was diluted in dichloromethane (50 ml) 
and extracted with ice cold water (50 ml), ice cold 10% 
aqueous HC1 (50 ml), saturated aqueous NaHC0 3 (50 ml), 
and with saturated aqueous NaCl (50 ml). The organic 
layer was dried (MgS0 4 ) and concentrated under reduced 
pressure to afford 17 (97%): »H NMR (CDCI3, 400 MHz), 
5 4.21 (t, 7 = 6.5 Hz, 2H, C//,OSO,Me), 2.99 (s 3H 
C//3SO3), 1.77 (p, 7 = 6.7 Hz, 2H), 1.35 (m, 10 H), 0.87 
(t, 7 = 6.1 Hz, 3H). 

5.2. Proteome sample preparation, labeling, and detection 

Rat tissues were Dounce-homogenized in Tris buffer (50 
mM Tris-HCl buffer, pH 8.0, 0.32 M sucrose). Tissue 
extracts were centrifuged sequentially at HOOx^ (10 
min), 22000Xg (30 min), and 1 05 000 xg (60 min). The 
final supernatant (soluble fraction) was adjusted to 0.5 mg 
protein/ml with Tris buffer (without sucrose) and kept at 
0°C until utilized. Unless otherwise indicated, reactions 
between protein samples and biotinylated reagents were 
conducted as follows: all biotinylated reagents were stored 
as stock solutions in DMSO at -20°C and then added 
directly to reactions with protein extracts, keeping the 
DMSO concentration constant at 1% of the total reaction 
volume. The reaction mixture was incubated at 25°C for 
30 min (final concentration of the probe was 5 uM), then 
quenched by the addition of 1 volume equiv. of standard 
2x SDS-PAGE loading buffer (reducing). Quenched re- 
actions were run on SDS-PAGE (7.5 protein/gel lane) 
and transferred by electroblotting onto nitrocellulose 
membranes, which were blocked in Tris-buffered saline 
(TBS) with i% Tween (TBS-Tween) and 3% (w/v) non- 
fat dry milk for either 1 h at 25°C or overnight at 4°C. 
Blots were then treated with an avidin-horseradish peroxi- 
dase conjugate (Bio-Rad, 1:1500 dilution) in TBS-Tween 
for 2 h at 25°C. The blot was washed with TBS-Tween 
three times (5 min/wash), treated with SuperSigna! chem- 
iluminescence reagents (Bio-Rad), and exposed to film for 
0.1-20 min before development. For the pH-dependence 
studies, the following reaction buffers were used: pH 6-8: 
50 mM Tris-HCl; pH 8-10: 50 mM Tris-HCl, 50 mM 
CAPS. 

5.3. Enrichment and molecular characterization of a 55 
kDa sulfonate-reactive protein 

Rat liver soluble fractions were run over a Q-Sepharose 
column by using an AKTA FPLC (Amersham Pharmacia 
Biotech) and eluted with a linear gradient of 0-500 mM 
NaCl. Aliquots of the elution fractions (10x2.5 ml frac- 
tions) as well as the flow-through (3x2.5 ml fractions) 
were labeled with 1 as described above to identify the 
fractions containing the labeled proteins. The flow- 
through fractions, which contained the 55 kDa protein, 
were concentrated to 1 mg protein/ml followed by labeling 
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2.5 ml of the sample with 1 utilizing the standard condi- 
tions. After incubating the reaction for 30 min, it was 
applied to a PD-10 size exclusion column and eluted 
with 3.5 ml of pH 8, 50 mM Tris-HCl buffer. SDS 
(0.5% w/v) was added and the labeled samples heated to 
90°C for 10 min in order to denature the proteins allowing 
for a more accessible biotin moiety. The sample was then 
diluted 2.5-fold (0.2% SDS) and incubated with 50-100 ul 
of avidin beads on a rotator for 1 h at 25°C The eluant 
was then removed followed by washing with 5 ml of 0.2% 
SDS and three washes with pH 8, 50 mM Tris-HCl buffer. 
Standard 2x SDS-PAGE loading buffer was added fol- 
lowed by heating the sample to 90°C in order to elute the 
proteins labeled with 1 from the avidin beads. The eluant 
was run on an 8% Novex Tris-glycine gel and stained with 
Coomassie blue stain followed by destaining in a 30% 
methanol-water solution. The desired 55 kDa 1-reactive 
protein was excised from the gel and digested with trypsin. 
The resulting peptides were analyzed by MALDI-TOF 
MS. The MALDI peptide data were utilized in both the 
MS-Fit search of the Protein Prospector databases (fal- 
con.ludwig.ucl.ac.uk/mskome3.2.htm) and the ProFound 
search of the Proteometrics databases (www.proteome- 
trics.com/prowl-cgi/ProFound.exe), which identified the 
protein as cALDH-I. 

5.4. Recombinant expression and purification of cALDH-I 

Primers were designed based on cALDH-I's cDNA se- 
quence and used to amplify the enzyme's cDNA from a 
liver cDNA library (Clontech). The cALDH-I cDNA was 
subcloned into the prokaryotic expression vector, TrcHi- 
sA, followed by transformation and expression in R coli 
BL-21 cells. Expression was induced with I mM isopropyl 
P-D-thiogalactoside when cultures grew to an OD^ of 0.6, 
After 4 h, the cells were pelleted and the supernatant re- 
moved. The cell pellet was resuspended in Tris buffer (20 
mM Tris-HCl buffer, pH 8.0, 100 mM NaCl), lysed by 
treatment with lysozyme (1 mg/ml) for 30 min and then 
sonication. The soluble fraction was isolated by centrifu- 
gation 39 800 (25 min). The His-tagged cALDH-I was 
purified from the soluble fraction by rotating with Talon 
cobalt beads for 30 min at 4°C followed -by centrifugation 
and removal of the lysate. After washing, the beads were 
eluted with 80 mM imidazole buffer and the eluted protein 
concentrated to 10 mg protein/ml. The concentrated pro- 
tein solution was subjected to gel filtration chromatogra- 
phy (Superose 6 column, AKTA FPLC Amersham Phar- 
macia Biotech). Gel filtration samples containing purified 
cALDH-I were combined, concentrated, and stored at 
-78°C in Tris buffer containing 1 mM DTT (final 
cALDH-I protein concentration, 1.5 mg/ml). 

5.5. Expression of cALDH-I in eukaryotic cells 



expression vector pcDNA3 and transiently transfected into 
COS-7 cells and MCF-7 cells by using methods described 
previously [14]. Transfected cells were harvested by scrap- 
ing, resuspended in Tris buffer and their protein concen- 
trations determined (D, protein assay kit, Bio-Rad). 
Whole cell suspensions were labeled with the sulfonate 1 
as described above. 

5.6. Characterization of sulfonate reactivity of cALDH-l 

cALDH-I-transfected COS-7 cells were harvested by 
scraping, resuspended in Tris buffer, Dounce-homoge- 
nized, and sonicated. The soluble fraction was separated 
by centrifugation and the protein concentration deter- 
mined (D c protein assay kit, Bio-Rad). The soluble lysate 
(0.5 ug/uJ) was incubated with each biotinylated probe (2.5 
uM, 1% DMSO) for 2 min at 25°C in Tris buffer (50 mM 
Tris-HCl, pH 8). A mock-transfected COS-7 sample was 
labeled with sulfonate 1 as a control. The reactions were 
quenched and analyzed by SDS-PAGE and avidin blot- 
ting as described above. 

5.7. cALDH-I enzyme assay and inhibition studies 

cALDH-I activity was determined at 25°C in Tris buffer 
(20 mM Tris-HCl, pH 8, 100 mM NaCl). Purified 
cALDH-I (0.2 uM) was preincubated with 15 (2.5-15 
uM) in DMSO (30 ui, 3% total incubation volume) in a 
volume of 950 ul for 5-45 min. After preincubation of the 
enzyme with inhibitor, remaining catalytic activity was 
measured by adding NAD- (500 uM final concentration) 
and propionaldehyde (1 mM final concentration) in 50 ul 
of buffer. Production of NADH from the oxidation of 
propionaldehyde was monitored by measuring the change 
in absorbance at 340 nm for 2 min. In substrate competi- 
tion assays, purified cALDH-I (0.2 uM) was preincubated 
with either NAD+ (50 uM) or propionaldehyde (25 uM) 
and 10 uM of 15 for 10 min at 25°C in a volume of 950 ul. 
Remaining catalytic activity was monitored as described 
above. 
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as single-nucleoride polymorphism analysis, 
where single-mismatch resolution, sensitivity, 
cost, and ease of use are important factors. 
Moreover, the sensitivity of this system, which 
has yet to be totally optimized, points toward a 
potential method for detecting oligonucleotide 
targets without the need for target amplification 
schemes such as the polymerase chain reaction. 
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REPORTS 

Printing Proteins as Microarrays 
for High-Throughput Function 
Determination 

Gavin MacBeath 1 * and Stuart L. Schreiber 2 

Systematic efforts are currently under way to construct defined sets of cloned 
genes for high-throughput expression and purification of recombinant proteins. 
To facilitate subsequent studies of protein function, we have developed min- 
iaturized assays that accommodate extremely low sample volumes and enable 
the rapid, simultaneous processing of thousands of proteins. A high-precision 
robot designed to manufacture complementary DNA microarrays was used to 
spot proteins onto chemically derivatized glass slides at extremely high spatial 
densities. The proteins attached covalently to the slide surface yet retained 
their ability to interact specifically with other proteins, or with small molecules, 
in solution. Three applications for protein microarrays were demonstrated: 
screening for protein-protein interactions, identifying the substrates of protein 
kinases, and identifying the protein targets of small molecules. 
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Historically, genome-wide screens for protein 
function have been carried out with random 
cDNA libraries. Most frequently, the libraries 
are prepared in phage vectors and the expressed 
proteins immobilized on a membrane by a 
plaque lift procedure. This method has been 
effective for a variety of applications {l-4\ but 
it has several limitations. Most clones in the 
library do not encode proteins in the correct 
reading frame, and most proteins are not full- 
length. Bacterial expression of eukaryotic genes 
frequently fails to yield correctly folded pro- 
teins, and products derived from abundant tran- 
scripts are overrepresented. Moreover, because 
plaque lifts are not amenable to miniaturization 
on the micrometer scale, it is hard to imagine 
screening all the proteins of an organism hun- 
dreds or thousands of times by this approach. 

With the advent of high-throughput molec- 
ular biology, it is now possible to prepare large, 
normalized collections of cloned genes. Uni- 
Gene sets in the form of polymerase chain 
reaction products have been used extensively 
over the past decade to construct DNA microar- 
rays for the study of transcriptional regulation 
(5). Recently, spatially segregated clones in ex- 
pression vectors were used to study protein 
function in vivo using the yeast two-hybrid 
system (6) and in vitro using biochemical as- 
says (7). We have built on these efforts by 
developing microarray-based methods to study 
protein function. 

To accomplish these goals, it is necessary to 
immobilize proteins on a solid support in a way 
that preserves their folded conformations. One 
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group has described methods of arraying func- 
tionally active proteins, using microfabricated 
polyacrylamide gel pads to capture their sam- 
ples and microelectrophoresis to accelerate dif- 
fusion (6*). In contrast, we have immobilized 
proteins by covalently attaching them to the 
smooth, flat surface of glass microscope slides. 
One of our primary objectives in pursuing this 
approach was to make the technology easily 
accessible and compatible with standard instru- 
mentation. We use a variety of chemically de- 
rivatized slides that can be printed and imaged 
by commercially available arrayers and scan- 
ners. For most applications, we use slides that 
have been treated with an aldehyde-containing 
silane reagent (9). The aldehydes react readily 
with primary amines on the proteins to form a 
SchifT's base linkage. Because typical proteins 
display many lysines on their surfaces as well 
as the generally more reactive a-amine at their 
NT^ 2 -terrnini, they can attach to the slide in a 
variety of orientations, f^ermirting different 
sides of the protein to interact with other pro- 
teins or small molecules in solution. 

To fabricate protein microarrays, we use a 
high-precision contact-printing robot (W) to de- 
liver nanoliter volumes of protein samples to 
the slides, yielding spots about 1 50 to 200 u.m 
in diameter (1600 spots per square centimeter). 
The proteins are printed in phosphate-buffered 
saline with 40% glycerol included to prevent 
evaporation of the nanodroplets. It is important 
that the proteins remain hydrated throughout 
this and subsequent steps to prevent denatur- 
arion. After a 3-hour incubation, the slides are 
immersed in a buffer containing bovine serum 
albumin (BSA). This step not only quenches 
the unreacted aldehydes on the slide, but also 
forms a molecular layer of BSA that reduces 
nonspecific binding of other proteins in subse- 
quent steps. 

Although appropriate for most applications, 
aldehyde slides cannot be used when peptides 
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or very small proteins are printed, presumably 
because the BSA obscures the molecules of 
interest. For such applications, we use BSA- 
NHS (BSA-iV-hydroxysuccinimide) slides that 
are fabricated by first attaching a molecular 
layer of BSA to the surface of glass slides and 
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Protein G 




1 mm 



Fig. 1. Detecting protein-protein interactions 
on glass slides. (A) Slide probed with BODIPY- 
FL-lgC (0.5 ,xg/ml). (B) Slide probed with Cy3- 

c^'l^ m{) ' (C) Sllde P robed with Cy5- 
FKBP12 (0.5 fig/ml) and 100 nM rapamycin. (D) 
Slide probed with Cy5-FKBP12 (0.5 ng/ml) and 
no rapamycin. (E) Slide probed with BODIPY- 

FKBP12 (0.5 ng/ml), and 100 nM rapamycin In 
all panels. BODIPY-FL Cy3, and Cy5 fluores- 
cence were false-colored blue, green, and red 
respectively. 



Fig. 2. A single slide holding 10.800 spots Pro- 
tein C was printed 10799 times. A single spot of 
FRB was printed in row 27. column 109 The slide 
was probed with BODIPY-FL-lgC (0 5 ug/ml) 
CyS ; FKBPl2 (0.5 us/ml), and 100 nM rapamy-' 
cm BODIPY-FL and CyS fluorescence were false- 
colored blue and red, respectively. 



Jen activating the BSA with W'-disuccinimi- 
dyl carbonate (//). The activated lysine, aspar- 
tate, and glutamate residues on the BSA react 
readily with surface amines on the-printed pro- 
ems to form covalent urea or amide linkages 
The slides are then quenched with glycine In 
contrast to the aldehyde slides, proteins or pep- 
tides printed on.BSA-NHS slides are displayed 
on top of the BSA monolayer, rendering them 
accessible to macromolecules in solution. 

As a first application of protein microarrays, 
we have looked at protein-protein interactions! 
Until now, only the yeast two-hybrid system 
has been used to investigate such interactions 
systematically on a genome-wide scale (6) 
This in vivo method, although easy to imple- 
ment and of great utility, has several limitations. 
Proteins that function as transcriptional activa- 
tors yield false positives when expressed as 
DNA binding domain fusions. False negatives 
are encountered when proteins are displayed 
inappropriately or when the DNA binding do- 
main fusions are produced in excess. Proteins 
that do not fold correctly in yeast are inacces- 
sible, and posttranslationaJ modifications (such 
as phosphorylation or glycosylation) cannot be 
controlled. Finally, it is impossible to control 
the environment (e.g., ion concentration, pres- 
ence or absence of cofactors, temperaturel'dur- 
ing the experiment. 

To determine whether microarrays could be 
used for these types of studies, we selected three 
pairs of proteins that are known to interact: 
protein G and immunoglobulin G (IgG) (A?)- 
p50 (of the nuclear factor NF-kB complex) and 
the NF-kB inhibitor IkBo: (13); and the 
FKBPI2-rapamycin binding (FRB) domain of 
FKBP-rapamycin-associated protein (FRAP) 
and the human immunophilin FKBPI2 (12 kD 
FK506-binding protein) (14). The first two in- 
teracnons occur without special requirements, 
whereas the third interaction depends on the 
presence of the small molecule rapamycin ( 14 ). 
We arrayed the first protein of each pair in 
quadruplicate on five aldehyde slides and 
probed each slide with a different fluorescentlv 
labeled protein (11). 

The slide in Fig. 1A was probed with 
BODrPY-FL-conjugated IgG. washed, and 



scanned with an ArrayWoRx fluorescence slide 
scanner (15). As anticipated, onlv the spots 
containing protein G were visible, indicating 
that the immobilized protein is able to retain its 
functional properties on the glass surface. Sim- 
ilarly, only the p50-comaining spots were visi- 
ble on the slide probed with Cv3-IkBo; (Fie 
IB) (15). For Cy5-FKBPI2. bindine to FRB 
was observed only when rapamvcin was added 
(Fig. 1, C and D). Because the three fluoro- 
phores used for these.srudies have nonoverlap- 
ping excitation and emission spectra, we were 
also able to detect these interacrions simulta- 
neously (Fig. IE). 

By varying the concentration of FRB (the 
protein being immobilized), we found that at 
concentranons above 1 mg/ml, the fluorescence 
of the spots began to saturate. Below this, flu- 
orescence scaled linearly with decreasing con- 
centranons of FRB. All proteins immobilized 
on the slides described here were spotted at 1 00 
u-g/mi. Because only a few microliters of each 
protein are sufficient to fabricate thousands of 
microarrays, purified proteins may be readily 
obtained by high-throughput expression and 
purification, or even by in vitro transcription' 
translation (16). 

Much lower concentrations are needed for 
the solution-phase protein. In the case of 
Cy5-FKBP12, fluorescence scaled linearly 
with protein concentration over four orders of 
magnitude (//). Specific binding could be 
detected using Cy5-FKJ3PI2 concentrations 
as low as 150 pg/ml (^ 12.5 pM). Concentra- 
tions m this range are accessible not only 
with purified proteins, but also with fluores- 
cently labeled proteins from cell Ivsates. 
Thus, specific interactions, once defined 
may potentially be exploited to quantify pro- 
tein abundance and modification in whole 
cells or tissues. 

At the spot density used for these studies it 
was possible to fit more than 10.000 samples in 
about half the area of a standard (2.5 cm by 7.5 
cm) slide. To investigate the feasibility of de- 
tecting a single specific interaction in this 
larger context, we prepared a slide containing 
60 rows and 180 columns of spatially sepa"- 
rated spots. Protein G was spotted 10.799 
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times on this slide, with a single spot of FRB in 
row 27, column 1 09. The slide was then probed 
with a mixture of BODIPY-FL-IgG and Cy5- 
FKBP12, with 100 nM rapamycin included in 
the buffer. Figure 2 shows the single FRB spot, 
clearly visible in the sea of protein G spots. 

Although it is of great value to identify 
stable protein-protein interactions in a system 
such as a cell or tissue, it is equally impor- 
tant to define the transient interactions that 
occur between enzymes and their sub- 
strates. Protein microarrays offer an ideal 
system, for example, for the rapid and par- 
allel identification of the substrates of pro- 
tein kinases. To investigate this application, we 
chose three different kinase-substrate pairs: 
adenosine 3 ' ,5 ' -monophosphate- dependent 
protein kinase (PKA) and Kemptide (a pep- 
tide substrate for PKA) (1 7); casein kinase II 
(CKJI) and protein phosphatase inhibitor 2 
(1-2) (18); and p42 mitogen-activated pro- 
tein (MAP) kinase (Erk2) and Elkl {19). 
The protein substrates of each pair were 
spotted in quadruplicate onto three BSA- 
NHS slides, and each slide was incubated 
with a different kinase in the presence of 
[7- 33 P]adenosine triphosphate. 

Although isotopic labeling of the protein 
spots is the most direct way to identify phos- 
phorylation, the challenge lies in detecting 
the radioactive decay. Neither x-ray film nor 
conventional Phosphorlmagers offer suffi- 
cient spatial resolution to visualize the spots, 
which are 1 50 to 200 u.m in diameter. Bor- 
rowing from the technique of isotopic in situ 
hybridization, we dipped the slides in a pho- 
tographic emulsion and developed them man- 
ually; this resulted in the deposition of silver 
grains directly on the glass surface. The slides 
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Fig. 3. Detecting the substrates of protein ki- 
nases on glass slides. (A) Slide incubated with 
the catalytic subunit of PKA. (B) Slide incubated 
with CKII. (C) Slide incubated with p42 MAP 
kinase (Erk2). 



were then visualized using an automated light 
microscope (20) and individual frames were 
stitched together. As anticipated, only the 
specific substrates for each enzyme were phos- 
phorylated (Fig. 3). 

As the third and most demanding applica- 
tion, we sought to use protein microarrays to 
identify protein- small molecule interactions. 
With the advent of high-throughput, cell- 
based screening, more and more compounds 
are being identified on the basis of their 
biological activity. Once a "hit" is obtained, 
the daunting task of target identification re- 
mains. Several innovative techniques have 
been developed to address this bottleneck (4, 
21-23), but they all suffer from the common 
limitations imposed by using random cDNA 
libraries. As an alternative, we sought to de- 
velop microarray-based assays that use puri- 
fied, full-length, correctly folded proteins. 

To test this approach, we chose three un- 
related small molecules for which specific 
protein receptors are available: DIG, a deriv- 
ative of the steroid digoxigenin that is recog- 
nized by a mouse monoclonal antibody {24); 
biotin, a common vitamin recognized by the 
bacterial protein streptavidin (25); and 
API 497 (Fig. 4), a synthetic pipecolyl ct-ke- 
toamide designed to be recognized by 
FKBP12 (26). The proteins from all three 
pairs were spotted in quadruplicate on four 
aldehyde slides, and each slide was probed 
with a different small molecule. Rather than 
labeling the compounds directly, each ligand 
was coupled to BSA that had previously been 
labeled with a unique fluorophore (Alexa 488 , 
Cy3, or Cy5) {15). As anticipated, fluores- 
cence localized to the appropriate spots in all 
three cases (Fig. 5, A to C). Because the 
fluorophores used for these studies have non- 
overlapping excitation and emission spectra, 
we were also able to detect all three interac- 
tions simultaneously (Fig. 5D). 

To investigate our ability to detect low- 
affinity interactions, we prepared Cy3-BSA 
conjugates of compounds AP1497, API 767. 
and API 780 (Fig. 4; dissociation constants 
for FKBP12 of 8.8 nM, 140 nM, and 2.6 u.M, 
respectively). When three identical slides dis- 
playing FKBP12 were probed in parallel, 
spots with comparable fluorescence intensi- 
ties were obtained for all three conjugates 
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(77). This means that interactions in the mi- 
cromolar range can easily be observed. The 
fact that the intensity of the fluorescence did 
not vary appreciably as the affinity of the 
interaction was lowered can be attributed to 
the multivalency of the BSA conjugates 
(avidity effects). In the context of small-mol- 
ecule microarrays (27), we have previously 
shown that when these three compounds are 
immobilized on a glass surface and then 
probed with Cy5-labeled FKBPI2 (a mono- 
melic protein), the intensity of the fluores- 
cence correlates very well with the affinity of 
the interaction. Thus, by controlling the va- 
lency of the probe, we can choose whether to 
observe differences in affinity or to favor the 
detection of low-affinity interactions. The 
combination of these two approaches may 
prove useful in the identification of both pri- 
mary and secondary drug targets. 

Although traditional biochemical methods 
have yielded invaluable insight into protein 
function on a case-by-case basis, they cannot 
realistically be applied to the study of every 
protein in a cell, tissue, or organism. If we 
hope to assign function on a broader level, we 
must rum to miniaturized assays that can be 
performed in a highly parallel format. It is 
certainly a daunting task to express and pu- 
rify thousands of different proteins, and some 



Anti-DIG Streptavidin FKBP12 




Fig. 4. Synthetic ligands for FKBP12. The com- 
pounds were coupled to BSA through their 
carboxyl groups (via a flexible linker). 



1 mm 

Fig. 5. Detecting the targets of small molecules 
on glass slides. (A) Slide probed with Alexa^- 
BSA-DIC. (B) Slide probed with CyS-BSA-biotin. 
(C) Slide probed with Cy3-BSA-AP1497. (D) Slide 
probed with Alexa^-BSA-DIG, CyS-BSA-biotin. 
and Cy3-BSA-AP1497. All conjugates were used 
at a concentration of 10 ng/ml In all panels, 
Alexa^. Cy3. and Cy5 fluorescence were false- 
colored blue, green, and red, respectively. 
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proteins will inevitably prove refractory to 
biochemical manipulation. Nonetheless, the 
effort will be worthwhile if the many proteins 
that are amenable can be assayed both simul- 
taneously and repeatedly. By fabricating pro- 
tein microarrays, we can fulfill both these 
criteria, facilitating the in vitro study of pro- 
tein function on a genome-wide level. 
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The Global Spread of Malaria in 
a Future, Warmer World 

David J. Rogers 1 * and Sarah E. Randolph 2 

The frequent warnings that global climate change will allow falciparum malaria 
to spread into northern latitudes, including Europe and Urge parts of the United 
States, are based on biological transmission models driven principally by tem- 
perature. These models were assessed for their value in predicting present, and 
therefore future, malaria distribution. In an alternative statistical approach, the 
recorded present-day global distribution of falciparum malaria was used to 
establish the current multivariate climatic constraints. These results were ap- 
plied to future climate scenarios to predict future distributions, which showed 
remarkably few changes, even under the most extreme scenarios. 



Predictions of global climate change have stim- 
ulated forecasts that vector-borne diseases will 
spread into regions that are at present too cool 
for their persistence (7-5). For example, life- 
threatening cerebral malaria, caused by Plas- 
modium falciparum transmitted by anopheline 
mosquitoes, is predicted to reach the central or 
northern regions of Europe and large parts of 
North America (2, 4). falciparum malaria is the 
most severe form of the human disease, causing 
most of the -1 miiiion deaths worldwide 
among the -273 million cases in 1998 (6). 
Despite these figures, the epidemiology of ma- 
laria, like many other vector-borne tropical dis- 
eases, remains inadequately understood. Only 
the most general of maps for its worldwide 
distribution are available (7), and its global 
transmission patterns cannot be modeled satis- 
factorily because crucial parameters and their 
relations with environments factors have not 
yet been quantified. Most importantly, absolute 
mosquito abundance has not yet been related to 
multivariate climate. 

Nevertheless, the problem of malaria has led 
to its being included in most predictions about 
the impact of climate change on the future 
distribution of vector-bome diseases (8). These 
studies, which draw on the forecasts of future 
climate from various global circulation models 
(GCMs) (9, /0), generally use only one or at 
most two climatic variables to make their pre- 
dictions. Biological models for malaria distri- 
bution are based principally on the temperature 
dependence of mosquito blood-feeding inter- 
vals and longevity and the development period 
of the malaria parasite within the mosquito, 
each of which affects the rate of transmission 
(4, 11). Those models based on threshold val- 
ues include a lower temperature threshold, be- 
low which all development of the malaria par- 
asite ceases, and an upper limit of mosquito 
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lethality (2). In addition, the suitability (or un- 
suitability) of habitats for these vectors, which 
require a minimum atmospheric moisture, is 
defined by the ratio of rainfall to potential 
evapotranspiration (2). The output of such mod- 
els, therefore, represents predicted areas where 
parasite development within the vector is fast 
enough to be completed before the vector dies, 
bounded by limits imposed by habitat suitabil- 
ity (2). The fit of these predictions to the current 
global malaria situation shows noticeable mis- 
matches in certain places (12); false predictions 
of presence (e.g., over the eastern half of the 
United States) are accounted for by past control 
measures or by "peculiar vector biogeography," 
whereas false predictions of absence are dis- 
missed as model errors (2). 

Refinements of these biological models (3- 
5) are based on modifications of an equation 
describing transmission potential, expressed as 
the basic reproduction number Z^, which must 
equal at least 1 for disease persistence (13. 14). 
For an estimation of the correct value of R 0 
from which to predict malaria distribution, ab- 
solute, not relative, estimates of all quantities in 
the equation are needed Instead, by omitting 
certain unquantified but important parameters 
and rearranging the equation (15), a relative 
measure of "epidemic potential" (EP) [now 
"transmission potential" (5)] has been derived 
as the reciprocal of the vector/host ratio re- 
quired for disease persistence. This predicts a 
more extensive present-day distribution of ma- 
laria than is currently observed (72). The ratio 
of future EP to present EP is then presented as 
indicating the relative degree of the future risk 
of malaria, but this is an inappropriate measure 
of changing risk because a high ratio may still 
leave R 0 < 1. 

Until such biological approaches can give 
accurate descriptions of the current situation of 
global malaria, they cannot be used to give 
reliable predictions about the future. Instead, an 
alternative two-step statistical approach to map- 
ping vector-bome diseases gave a better de- 
scription of the present global distribution of 
falciparum malaria and predicted remarkably 
few future changes, even under the most ex- 
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[57] ABSTRACT 

A test device for determining the presence of a constitu- 
ent in a sample, and a method for making it are dis- 
closed. The test device comprises reactants (e.g. re- 
agents, enzymes, etc.) incorporated with a carrier ma- 
trix such that when the device is wetted with a test 
sample, the reactants and the constituent react to pro- 
duce a detectable response. The reactants are positioned 
separately from each other on the matrix in substan- 
tially, discrete, non-contacting areas. Hence, reactants 
are maintained substantially separate from each other 
until the test device is wetted with the sample. 

12 Claims, 5 Drawing Figures 
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to present commercial strips containing the same reac- 
PRINTED REAGENT TEST DEVICES AND tants. 
METHOD OF MAKING SAME 

SUMMARY OF THE INVENTION 
BACKGROUND OF THE INVENTION , ^ Jmm M defined by fc ^ ^ 

1. Field of the Invention to a test device for detecting a constituent in a sample, 
The present invention relates to a test device for de- particularly a bodily fluid. The device comprises a car- 

termining the presence of a constituent in a sample. The rier matrix incorporated ,with at least two different 
invention as defined by the claims comprises a test de- reactants capable of reacting with the constituent to 
vice, and a method for preparing it, in which potentially 10 produce a detectable response, the different reactants 
incompatible reactants are kept separate from each being physically separated from each other on the ma- 
other until the actual testing of a sample, such as bodily trix. The different reactants are printed separately on 
fluid, takes place. Hence, the device comprises a carrier f ne matrix as a plurality of substantially discrete areas, 
matrix incorporated with at least two reactants capable including dots, microdots, lines or the like, 
of interacting with a sample constituent being analyzed * BRIEF DESCRIPTION OF THE DRAWINGS 
to produce a detectable response. The reactants are 

positioned separate from each other in substantially Other and further advantages and features of the 

discrete, non-contacting areas on the carrier matrix. invention will be apparent to those skilled in the art 

2. Description of the Prior Art from the following detailed description thereof, taken in 
The burgeoning field of test devices in the form of test 20 conjunction with the accompanying drawings, in 

strips has provided convenient and rapid analysis of which: 

various types of samples, including samples of biologi- PIGS. 1 through 5 are diagrammatic illustrations of 

cal, industrial, and automotive fluids, and the like. Diag- different patterns for applying reactants in accordance 

nostic devices designed for detecting various clinically WIth thc P resent invention. 

significant substances or constituents in biological flu- 25 DESCRIPTION OF THE PREFERRED 

ids, such as urine and blood, including lysed or unlysed EMBODIMENTS 

blood, blood plasma, and blood serum, have in many T . . t 

cases supplanted prior wet chemistry techniques which In accor <*ance ™th the present invention at least two 

were both cumbersome and time-consuming. These ln ^actant matenals are arranged separately in recurring 

diagnostic devices have thus assisted in the fast and 30 pattC ™ ° n f a mat P x ' Cir J cular re P res T an °P n - 

accurate diagnosis and treatment of disease. mum . sh *^J r0m ^ standpoint of packing density and 

Conventional test strips generally comprise an absor- "JVj " an K ™' dots — * 

bent or porous matrix incorporated with indicator reac- P ™ 1 * 50 "° t0 l °T h ° th f r d,ssinu ] ar do * s 

ran* ncnaiiv nf * rnin« m ««X. ZL> Tu* l~\L ' can P resent m equal or unequal numbers as desired. 

Lr^ k enlo ^ ™??T ^ T P 35 ^ lines of varying widths and other patterns such 

tested is contacted with the ma nx, such as by momen- „ ia , boJs ^ substituted for dots if desired. 

Zl^™?™^u" ^ T P " qUld ^ thC ^ dl * R ^™S t0 FIG. 1, one reactant is depicted as white 
cator response is observed after a set penod of time. For dots> the md bei depicted P as juxtaposed 

example, in a reagent s np for the detection of occult black dots . Howcver> ^ arra S ngen , ent * no J t th / dcns . 

blood in unne a diagnostic stnp can be employed which 40 ^ dot Dots of the ^ reactant ^ be 

compnses an absorbentpaper impregnated with .Mob- placed in a Iine (as A and B in FIG. 2) or can alternate 

dine and a peroxide. When this stnp is wetted with on a line (as A and B in FIG. 3). FIG. 4 depicts a further 

unne containing occult blood, decomposition of the pattern which is suitab |e where three different reac tants 

peroxide occurs with the accompanying oxidation of (Af B and Q are employed In Fia 4 ^ reactant dot 

the o-tolidine to produce a color response. This test is 45 ^ six nearest nei ghbors which comprise three dots of 

sensitive and extremely useful in diagnosing urinary each of the other two reactants. 

tract disorders. However, because of the relative in- Another useful technique in separating the printed 

compatibility of employed reactants, shelf life has often reactants is the application of stripes to a carrier matrix. 

been found to be relatively short and the strips can lose Hence, for a two reactant system, alternate stripes of the 

their sensitivity after long periods of storage. 50 complimentary reactants can be laid out parallel on a 

Similar problems of reactant incompatibility occur in matrix as in FIG. 5, in which solid lines 1 represent a 

many other types of strips where more than one chemi- fi rst reactant and dotted lines 2 represent a second reac- 

cal reaction is involved. For example, reactants for tant. 

testing ketone, blood urea nitrogen (BUN), and gaiac- The present invention has also been found to exhibit 
tose levels have been known to have limited shelf lives. 55 great utility in the deposition of enzymes entrapped in a 
In order to explore ways of extending the shelf life of polymer matrix. Hence, enzymes such as glucose oxi- 
reagent test strips, i.e. methods of reducing the relative dasc can be printed in an ink containing acrylamide and 
incompatibility of reactants, experiments were con- a photopolymerization initiator such as potassium per- 
ducted to determine whether it would be possible to sulfate. Such an ink could be printed as dots, stripes, or 
physically separate incompatible reagents on the strip 60 other configurations and exposed after printing with a 
itself. Prior to this work the successful separation of Number 2 photo flood lamp to effect polymerization, 
incompatible reagents had not been reported. The ex- In one embodiment of this particular entrapping tech- 
periments were successful and it was found that reagent nique, a stock solution of monomer compound is pre- 
strips could indeed be prepared in which incompatible pared by dissolving 40g of acrylamide in 100ml of 0.1 M 
reactants were physically separated until becoming 65 phosphate buffer having a pH of 7.4. A cross linking 
contacted with the sample to be analyzed. Strips pre- reactant is prepared by dissolving 2.3g of N,N- 
pared in accordance with the present invention have methylenebisacrylamide in 100ml of 0.1M phosphate 
excellent shelf life and are vastly superior in this respect buffer (pH 7.4). Gels can then be prepared by mixing 
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these solutions in desired proportions together with a ™„„ * 

solution of an enzyme such as glucose oxidase. Thi E el n °' n ° Ve , 1 a " d " t0 ° we " known in lhe Prmi- 

can then be printed onto an inert matrix in accordance hi!? ..T fU " her diSCUSsion herein - Perf °™ed 

with the present invention and cured in situ , e of 3 material such M P>astic or thin metal 

Other applications of entrapped enzymes will be eas- s T employed. A perforated sheet can be used in 

Jly ascertainable by one skilled in the an by reference to T mMMT " 8 screen bv Dlacin 8 'he sheet over 

U.S. Pat. Nos. 3,788,950, 3,793,445 3 841 971 1 mtn mit(n - a PP)ying reactant to it and drawina a 

3,859,169, and 3,935,071. These and other references in f^T blade u across il ,0 *e reacunt material 

the prior art discuss in detail the physical entrapment of . " ,hrou 8 h the holes 'hereby printing the ma- 

enzymes as well as enzymes covalently bound to a sub- 10 \ The Screens or shee,s mu « be loaded precisely 

strate and such techniques are readily applicable to the * ,th respect 10 the ine " "> a 'r<x and the formulatioTof 

present invention. the reactants must be such that the desired result is 

In each of the above embodiments, whether dots or acn,ev cd without the reactants running together during 

stripes, it can be seen that when the test device is wetted °\ after a PP lica ''on. Regardless of the method em- 

n, e ^ P , ara 'l u eaCtantS W '" at ,ha * ,ime combine 15 I yed ' ' he Size 0f the discre,e ""clant areas applied in 
meract with the consmuem being analyzed. Typical known Proportions can be varied from very small areas. 

3 ^3^1 ™ ,T ™« f ° nh in U S Pat - Nos - e ' 8 ' Siz6, '° re,a,ive 'y ,ax 8 e The ahg7- 

2mK2 S 3J64 ' 534 ' 3 ' 050 - 37 * menl of the printing apparatus obviously becomes more 

3 012 S 1 m a£ x % ^ ; 3,29a ' ' 7; 3 ' 092 - 4<i ^ Cr "'f " ' he reaCtan ' 3reas become sn »"er and c^e" 
3 ' 22 : 420; 3.45J.I80; 3,585,001; 3,585.004; and 20 to e e 'her. 

J,w,905 which are incorporated herein by reference. Th « Panting techniques described herein can be em 

JtlT deV,M ° f ' he prBent inven,ion is "Pti~"y ployed wi,h anv ° f * > convention^ linen ^ma,ric« u^i 

prepared usmg pnnting techniques. For example, a heretofore in diagnostic test de^es sueh 

polystyrene matrix can be printed with a first reactant Pl*tic, and combustions hereof ^ TLl ' ^ 

ruch^hrr en : lyP ? ,edwi,haSecondreac ' a "'i"'' " m3,ri * ch °*» n>us« te onfwW^deqCy 

ubstaSallv noT C n„ n lr° nd '"f 3rC impriWed in ': nCident ^ since '«< devic* are K £ 

.nkcontainingo-tolidineissiikscreenedLapluraliS 

olu^C a f P °' yS,yrene mat - Subsequently, a second 30 maj t e^S ^ mad<! * °° W ChemiCal C °- 
screted on,o £ ^ D £J S cl f iIk ■ If - - • -trix can be coated to 

Prises a reagent ink conta-nlT N J^^ 1 ^*^^ 
mene hydroperoxide. P " " y ° f,hep ape ri e adherence of reactants. The surface 

In another embodiment of the present invention ofT- 35 visible SKS * ^ T COl ° r t0 rC,1eCt 85 much 

set printing techniques are employed An examoie of Z r ! , ^elengths as possible. Obviously, a 

how this technique is tmtfoyJ^vrJLmZ^i 1 " PrefWed ° Ver 3 hi 8 h 8 ,oss r,nis « 

is the use of a rubber stamp contailgS dots" chlcS*™ eSSenti3 " y 0,6 ™" optical 

rubber stamp is inked with a first reactant ink and?* tlT T* P3per While p,astic has the 
Plied to the matrix leaving a dot impress7o„ of Sfim 40 !lT ^ less ' hemica »y ^tive and more 

reactant. The second reactant is stamped simS omo ™J y ? dherenCe of reactafl,s « 

the matrix except that the dots are juxta^ with S?f T'* ^ ° n P ' Mtic than paper ^"8 *e 

those of the first reactants. pnnlln 8 <«*niques described herein. If desired a white 

Still another technique of preparing the present test ?! ^""J* inCOrp0ra,cd wi,h the P'««c to achieve 

dev.ee is that of applying ribbonsor sfripes Stants 45 K Z '"w^ 

separately onto the matrix. Thus each reactant ink is " d '', Uent substanc « useful .o reduce hy- 
aid down alternately as parallel thin bands or concen- f^l^l of / eactan,s . ™* <* chloroform, carbon 
tnc c.rcles. cn tetrachlonde, benzene, and the like; as well as known 
Normally, it is desirable to maintain the indicator T"" 8 SU ° h 35 di 8 l >' co, laurale . organic phos- 
compoation. eg. dye. for indicating a color change 50 ft™ ft" 0 J fanlonic detergents in ethanol and the 
pomt as one of the separate discrete areas on the test ^ WlUCl l ^ m proauein 8 an even diffusion of color 
abo he S hi"" 6 ,eSting baSCd on pH cha "8«- it may " a dev,ce . can ^ incorporated into the printed 
also be desirable to maintain a bufTer as a separate area conl PO sltI ons of this invention, 
on the test device until testing occurs. 7 est devices in accordance with this invention can 
mil*! T 10 3 person skilled in ,he a " 'h a ' 55 f 1 ^"'^" 5 ^ ^ made in the form of long strips or 
many printing techniques can find applicability to the ,apes that are ™ XXtA U P '«e«ed in a suitable roll- 
present invention. For example, it would be feasible to dis P enser " w ell as being cut into individual test 
employ rotogravure printing techniques, silk screening, 

and offset prmt.ng. Of the forgoing methods, silk ne Allowing examples are presented in order to 

wt"!" 8 '° d3te been found t0 be preferred. to more clear,v describ e the invention and to point out 

screens «2 ^ L**™* J""'™ 1 for screenin 8. embodimen,s - ^ey are not, however, in- 

s^chT SC ^, t L ' " late ! la ' S C3n 3,50 be ^P' 0 ^- u y Way t0 1,mi, the present inventi °" are 

such as screens of woven polyester, polyamide or metal «ot to be thus interpreted, 
threads. Usually, art-known silk screens coated with 

standard photosensitive resist materials le e^loS 65 EXAMPLE 1 

After photographic exposure of the screen (e.g. in the Alternate Stripes 
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P l y Z^^«L° n: 1^°" 1 0f . CeUul0Se 1 acctate in the from the second die would be applied in a 

ReactanM 1,16 Sec0nd Cots completed the preparation of the lest 

In 65 ml.of water was dissolved 2.8 g sodium citrate 5 ' **** "** * dM 

and 4.7 g. citric acid. Next was added 50 mg of EXAMPLE 3 

Tetrabromophenol Blue and 30 ml. of methanol. . c ilk c-.^ nnr p. tS 

The pH was then adjusted to 3.3 by the addition of 0t PnnUng 

a buffer. 10 ml. of the resulting mixture was added This experiment demonstrates the application of the 

to 20 ml of the polymer solution to produce a first io P resent invention to the sUk screening printing process, 

reactant ink. A standard silk screen was purchased from Dec-O-Art, 

Reactant 2: Inc. in Elkhart, Indiana. This screen was photographi- 

2.2 g of sodium citrate and 10 mg of orthocresol sul- prepared by that corporation and contained pat- 

fonephthaline in 6 ml ethanol were added to 24 ml lerns of 25 m <l dots, 250 per square inch, and 40 mil dots, 

of water and the pH was adjusted to 7.8 through the 15 125 per square inch. Thus, in the dot patterns on the sUk 

addition of a buffer. 10 ml of this mixture was added screen, the dots constituted holes where an ink could 

to 20 ml of the polymer solution to form a second flow through the screen, whereas ail other areas in the 

reactant ink. dot pattern were closed to ink flow. 

A small dispensing head was prepared for applying A sheet of Trycite polystyrene film obtained from 

the two inks to a polystyrene matrix. The dispensing 20 Dow Chemical Co. was placed under the screen at a 

head was provided with 14 channels approximately 0.03 distance of from 1/16 to 3/16 inch. A portion of the first 

inch in width. Two dispensing ports fed alternate sets of reactant ink from Example 1 was then drawn across the 

channels. Hence, the first port provided one ink sample screen with the use of a square edged polyurethane 

to odd channels 1,3,5 ... 13, the second provided the squeegee. By exerting pressure on the squeeeee the 

other ink sample to even channels 2,4,6 ... 14. A portion 25 screen contacted the polystyrene and a series of dots 

of each ink was added to its respective port and the dis- were laid down approximately the same size as the 

«HJ? u ^il?« 7 T a W ^ tC tojyfy™ 1 * openings in the screen. The screen was then cleaned and 

trix, Urns depositing alternating stripes of the first and a second series of dots was placed on the nolvstvrene 

second nks The striped polystyrene matrix was then cut using the second reactant ink of Example 1 St that 

m o stops about J inch in width. THese were tested with 30 the register of the screen was chang^ o hatThe £c 

8 100 mg percent albumin solution in water and in pure ond dots were juxtaposed with the first The 

Hn?v L^ StnP n hi< * W3S dippcd in the albumin so,u - Polystyrene sheet was *eo dried * it^dE 

I£d d£2 ^"T'j?" 01 C0, r wJ !f reas an idenlical to form a usuable printed test i£c7 ' 

stnp dipped in water became pale yellow. Thc technique repeated ^ ^ ^ ^ ^ 

EXAMPLE 2 35 likewise yield a satisfactory test device. 

Offset Dot Printing (U*\ft nnt >\ • Fr °. m fore S oin &' il wUI be seen that this invention 

urtset Dot Printing (Halftone) 1S weJI adaptcd {Q obuin ^ of ^ ^^ges herein- 

This expenment was performed in order to demon- abov e set forth, together with other advantages which 
strate the feasibility of offset dot printing of reactants. A are obvious and inherent to the system. The invention 
rubber plate for the printing was purchased from a local 40 provides a rapid and relatively inexpensive method of 
rubber stamping manufacturer. The manufacture of applying reactants to a test device in a manner which 
rubber plates is well known in the rubber stamp art, and prevents interaction of reactants until the test device is 
the particular one purchased for this experiment was contacted with a sample to be tested. The shelf life of 
made using a metallic brass die containing normal print- the test device is significantly improved 
mg penods as recessed dots. The periods were 30 mils in 45 Obviously, many other modifications and variations 
diameter and were squarely arranged in a density of 64 of the invention as hereinbefore set forth may be made 
periods per square inch. An unvulcanized rubber matrix without departing from the spirit and scope thereof, 
was placed over the die and pressure was applied caus- What is claimed is: 

ing the rubber to flow into the recesses of the metal die. 1. In a test device for determining the presence of a 
subsequently, heat was applied to the rubber to vulca- 50 constituent in a sample in which a carrier matrix is 
nizeit, causing the rubber plate to achieve a permanent incorporated with a reagent system capable of interact- 
ion figuration. The rubber sheet was then stripped off ing with the constituent to produce a detectable re- 
The rThhpV h 1 e f fUbber plate * , s P° nse ' astern comprising at least two reactants. 

tu cV\u P l WaS CUt ,mo tWO s< l uares ' i inch on the improvement wherein at least two of the reactants 
"•JJ"' forming the dies used for printing the 55 are printed separately from each other in substantially 

bfr c^mp ?f f? C ? *T dl f WaS m ° Umed usin « rub - dUcrcte ' "on-contacting, substantially coplanar areas of 

ber cement to the face of an aluminum adapter used for the carrier matrix. 

cTmm^iallv !£ZL ^ ^ WhiCh * ^ im P rovemen < of » in which the constitu- 

Twc > rlt L ? t ^ ■ • ^ en£ is 000,1,1 b,ood - onc ^tant is otolidine and an- 
Jl°lT^ * A ""7 35 01 ExampIe 1 for 60 0ther se P arateI y P™« reactant is a peroxide. 

1^ 2nd a te J T r Ume ir ^ * ThC impr ° Vement of olaim * - whTch the reactants 

S TrvJnZ rl. ^Tf P° ,ystyrcne f,Ira ob - P^nt on the matrix as a plurality of substantially 

tamed from Dow Chemical Co. was mounted in the discrete dots. 

SSSLIS" diC ' 71,6 ^ W fJ nke ? With thC firSt *• Th * im Provement of claim 3 in which the dots are 

te^Stsivii rr° n ° f , th H C mk Wa t ° n 65 pOsiti0ned m ato - te rows of different reactants. 

^e polystyrene film. The second die was then inked 5. The improvement of claim 1 in which the reactants 

with the second reactant mk and mounted in the press. are present on the matrix as a pSy oS 

The register of the plastic film was changed such that stripes plurality of parallel 



6. The improvement of claim 5 in which the stripes 
alternatiey contain a different reactant. 

7. A test device for the detection of a constituent in a 
bodily fluid comprising a carrier matrix having a sur- 
face, and a reagent system comprising at least two reac- 
tant materials, said materials being separately printed in 
discrete areas on said surface in substantially discrete, 
non-contacting relation. 
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8 

8. The test device of claim 7 in which one of the 
printed reactant materials is an enzyme entrapped in a 
polymer matrix. 

9. The test device of claim 7 in which one of the 
reactant materials is an enzyme covalently bound to a 
substrate. 

10. The test device of claim 7 in which the discrete 
relation comprises a recurring pattern. 

U. The test device of claim 7 in which the discrete 
relation comprises dots, and the carrier matrix is paper. 

12. The test device of claim 7 in which the discrete 
relation comprises dots, and the carrier matrix is plastic. 
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1 

METHOD AND APPARATUS FOR 
CONDUCTING AN ARRAY OF CHEMICAL 
REACTIONS ON A SUPPORT SURFACE 

This is a continuation of application Sen No. 08/068,540, 
filed May 27, 1993; now U.S. Pat. No. 5,474,796 which in 
turn is a continuation-in-part of application Ser. No. 07/754, 
614, filed Sep. 4, 1991 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to methods for conducting a large 
number of chemical reactions on a support surface, methods 
for making the support surface, and the support surface 
itself. 

2. Summary of the Related Art 

Proposals for the direct sequencing of DNA by hybrid- 
ization with arrays of oligonucleotides are known in the art. 
Drmanac el ah, Genomics 4; 114 (1989) proposes hybrid- 
ization array- media ted DNA sequencing by binding target 
DNA to a dot blot membrane, followed by probing with an 
array of oligonucleotides. Khrapko et al., FEBS Letters 256, 
118 (1989) proposes hybridization array-mediated DNA 
sequencing by binding the oligonucleotide array to a support 
membrane, followed by probing with target DNA. 

Synthesis of arrays of bound oligonucleotides or peptides 
is also known in the art. Houghton, in the Multiple Peptide 
System product brochure describes the T-bag method, in 
which an array of beads is physically sorted after each 
interaction. Thus method becomes unwieldy for the prepa- 
ration of large arrays of oligonucleotides. Geysen et al., J. 
Immunol. Methods 102; 259 (1987) discloses the pin 
method for the preparation of peptide arrays. The density of 
arrays that may be produced by this method is limited, and 
the dipping procedure employed in the method is cumber- 
some in practice. Southern, Genome Mapping and Sequenc- 
ing Conference. May 1991, Cold Spring Harbor, N.Y., 
disclosed a scheme for oligonucleotide array synthesis in 
which selected areas on a glass plate are physically masked 
and the desired chemical reaction is carried out on the < 
unmasked portion of the plate. In this method it is necessary 
to remove old mask and apply a new one after each 
interaction. Fodor et al., Science 251; 767 (1991) describes 
a method for synthesizing very dense 50 micron arrays of 
pcptides(and potentially oligonucleotides) using mask- 4 
directed photochemical deprotection of synthetic intermedi- 
ates. This method is limited by the slow rate of photochemi- 
cal deprotection and by the susceptibility to side reactions 
(e.g., thymidine dimer formation) in oligonucleotide syn- 
thesis. Khrapko et al, FEBS Utters 256; 118 (1989) suggests 5 
simplified synthesis and immobilization of multiple oligo- 
nucleotides by direct synthesis on a two dimensional 
support, using a printer-like device capable of sampling each 
of the four nucleotides into given dots on the matrix. 
However, no particulars about how to make or use such a 5 
device are provided. 

Some methods for permanently attaching oligonucle- 
otides to glass plates in a manner suitable for oligonucle- 
otide synthesis are known in the art. Souther, Cbem. abst. 
113; 152979r (1990) describes a stable phosphate ester et 
linkage for permanent attachment of oligonucleotides to a 
glass surface. Mandcnius et al., Anal. Biochem. 157; 283 
(1986) teaches that the hydroxyalkyl group resembles the 
5 -hydroxyl of oligonucleotides and provides a stable anchor 
on which to initiate solid phase synthesis. 65 

The related art contains numerous ideas and information 
related to arrays of chemical reaclaxits on a solid support. 



5,551 

2 

However, existing or suggested methods are limited, and do 
not conveniently and reliably produce the very large, high 
density arrays. There is, therefore, a need for new methods 
for preparing large high density arrays of reactive sites. 
; Ideally, such methods should utilized relatively simple 
machinery to produce large, dense arrays of solid phase 
bound reactants in a reproducible and rapid manner. 

SUMMARY OF THE INVENTION 
] This invention provides a method for conducting a large 
number of chemical reactions on a support surface. Solu- 
tions of chemical reactants are added to functionalized 
binding sites on the support surface by means of a piezo- 
electric pump. This pump deposits microdroplets of chemi- 
; cal reactant solution onto the binding sites. The chemical 
reactant at each binding site is separated from the others by 
surface tension. Typically, the support surface has 10-10 4 
functionalized binding sites per cm 2 and each functionalized 
binding site is about 50-2000 microns in diameter, 
i Typically, the amounts of reagents added to each binding site 
is in a volume of about 50 picoliter to 2 microliter. The 
reactions at the functionalized binding site may form cova- 
lent bonds such as esters or amide bonds or may involve 
non-covalent specific binding reactions such as antibody/ 
antigen binding or oligonucleotide specific binding. The 
invention also includes array plates and methods for making 
the array plates. 

Typically, the array plates are made by the process set out 
in FIG. 2A by 

(a) coating a support surface with a positive or negative 
photoresist substance which is subsequently exposed 
and developed to create a patterned region of a first 
exposed support surface; 

(b) reacting the first support surface with a fluoroalkyl- 
silane to form a stable fluoroalkylsiloxane hydrophobic 
matrix on the first support surface; 

(c) removing the remaining photoresist to expose a second 
support surface; and 

(d) reacting the second support with a hydroxy or ami- 
noalkylsilane to form derivatized hydrophilic binding 
site regions. 

The preferred siloxane reaction product of the present inven- 
tion is tridecafluoro-l,l,2,2-tetrahydrooctyl siloxane. In 
FIG. 2A, the hatched lines are the solid support, "SI" 
represents a first exposed support surface site, "Sl-P is a 
hydrophobic fluoroalkylsilane site, and "Sl-OH" is a deriva- 
tized hydrophilic binding site. 

Alternatively, the array plates can be made by the process 
set out in FIG. 2B by 

(a) reacting a support surface with a hydroxy or ami- 
noalkylsilane to form a derivatized hydrophilic support 
surface; 

(b) reacting the support surface form step (a) with 
o-nitrobenzyl carbonyl chloride as a temporary photo- 
labile blocking to provide a photoblocked support 
surface; 

(c) exposing the photoblocked support surface of step (b) 
to light through a mask to create unblocked areas on the 
support surface with unblocked hydroxy or arai- 
noalkylsilane; 

(d) reacting the exposed surface of step (c) with perfluo- 
roalkanoyl halide or perfluoroalkylsuJfonyl halide to 
form a stable hydrophobic (perfluoroacyl or 
perfluoroalkylsulfonamido) alkyl siloxane matrix; and 

(e) exposing this remaining photoblocked support surface 
to create patterned regions of the unblocked hydroxy- 
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or aminoalkylsilane to form the derivatized hydrophilic to those of skill in the art. For example, an optical positive 

binding site regions. photoresist substance (e.g., AZ 1350 (Novolac™ type- 

I he preferred siioxanes of the present invention are Hoechst Celanese™) (Novolac™ is a proprietary novolak 

3-pcrfluorooctanoyloxy propylsiloxane and rcsin> which is thc reactioD product 0 f phenols ^ fonn . 

3-pcrnuorooctanesulfoM^ In FIG. 2B, 5 aldehyde in an acid condensation medium)) or an E-beam 

the hatched lines are the solid support, "-A" represents a positive photoresist substance (e.g., EB-9 (polymethacrylate 

hydrophihe support site, "-A B represents a temporary g Hoya™)) can be used, 

photolabile blocked support site, and "-A F represents a 7 y " ~~ t , 

hydrophobic site. A number of siloxane functionalizing reagents can be 

Thc invention also provides a method for determining or ■ uscd > for cxam P lc ; 

confirming the nucleotide sequence of a target nucleic acid. 10 Hydroxyalkyl siioxanes 

The target nucleic acid is labelled by conventional methods (Silylate surface, functionalize with diborane, and H 2 0 2 to 

and hybridized to an oligonucleotides of known sequence oxidize the alcohol) 

previously bound to sites on the array plate. The array plate a. allyl trichlorochlorosilane-^*3-hydroxypropyl 

having bound labelled target nucleic acid is then washed at D< 7 -oct-l-enyl trichlorochlorosilane— 8-hydroxyoctyl 

appropriate stringency and the presence and location of " 2 . Diol (dihydroxyalkyl) siioxanes 

ninn ll i Jll ? nucleic acid is determined using scan- (sfl ^ / urf J ^ > h M {Q m) 

ning analyzers. Since the sequence of the covalently . ; 

attached oligonucleotide in each element on the array is a " . filyciayl tnmethoxysilane--* (2,3- 

known, this allows the unambiguous determination of the dihydroxypropyloxy)propyl 

nucleotide sequence of the target nucleic acid. 20 3 * Aminoalkyl siioxanes (amines require no intermediate 

The methods of the invention may also be applied to the functionalizing step) 

determination of peptides or peptide mimetics that bind a. 3-aminopropyl trimethoxysilane-»3-aminopropyl 

biologically active receptors. In this aspect, peptide arrays of 4. Dimeric secondary aminoalkyl siioxanes 

known sequence can be applied to glass plates using the a . bis (3-trimetfaoxysilylpropyl) amine-bis 

same piezoelectric pump/surface tension wall method M (silyloxylpropyl) amine 

described supra. Tie resulting array of peptidescan then be In additi a numbcr of allernalive fo DCtionali2ed sur . 

fiLE £ £"17^^ bl °l° glCa f y ^ reCCP . l ? r '«» can be used in the present invention. TTiese include the 

ligands to screen for peptide mimetics of receptor agonists foliowinr 

and antagonists. Thus, thc invention provides a method for i d t .i. i . . . - . . , . 

producing peptide array plates, peptide array plates having h Polyemylene/polypropylene fictionalized by gamma 

covalently bound peptides separated by surface tension 30 irradiaUon or chromic acid oxidation, and reducUon to 

areas, and methods of using such peptide array plates to hydroxyalkyl surface. 

screen for peptide mimetics of receptor agonists and antago- 2 - ^Wy crosslinked polystyrene-divinylbenzene deriva- 

nists. " tized by chloromethylation, and aminated to benzylamine 

Those skilled in this art will recognize a wide variety of functional surface, 

binding site and chemical reactants for forming either cova- 35 3 - Nylon — the terminal aminohexyl groups are directly 

lent bonds or for specific binding reagents. reactive. 

BRIEF DESCRIPTION OF THE DRAWINGS 4. Etched, reduced polytelrafluoroelhylene. 

There are two important characteristics of the masked 
FIG. 1: Hybndization analysis using arrays of trimers. surfaces m paltcra ed oligonucleotide synthesis. First, the 

underlined ^ "* 40 maskcd SUrface must bc bert t0 ^ condilions of ordinary 

Un n " in 1A , tll . #» « . oligonucleotide synthesis; the solid surface must present no 

FIG. 2A: Illustrates the formation of an array surface that free hydroxy> ^ino or carboxyl groups to the bulk solvent 

lS I* 'in ? f C TS CSlS ' , , • intcrfacc - Sec0Dd ' the surfacc must Poorly wet by com- 

FIG. 2B: Illustrates O-Nitrocarbamate array making mon organic ^ven* Mch „ acetonitrilc md me g yco \ 

c emis ry. 45 etDcrs ^ rc i al j vc l0 mc morc p 0 | ar fictionalized binding sites. 

FIG. 3: Surface tension wall effect at the dot-interstice The wetting phenomenon is a measure of the surface 
interface. The droplet containing solid phase synthesis tension or attractive forces between molecules at a solid- 
reagents does not spread beyond the perimeter of the dot due liquid interface, and is defined in dynes/cm 2 . Fhiorocarbons 
to the surface tension wall. have very i ow surface tension because of the unique polarity 

FIG. 4: Hydrogen-phosphonate solid phase oligonucle- so (electronegativity) of the carbon-flourine bond. In tightly 

otide synthesis on an array surface prepared according to structured Langmuir-Blodgett type films, surface tension of 

Example I . a i aver j s primarily determined by the percent of fluorine in 

FIG. 5: Top and side views of a piezoelectric impulse jet the terminus of the alkyl chains. For tightly ordered films, a 

of the type used to deliver solid phase synthesis reagents to single terminal trifluoromethyl group will render a surface 

individual dots in the array plate synthesis methods accord- 55 nearly as lipophobic as a perfluoroalkyl layer. When fluo- 

ing to the invention. rocarbons are covalently attached to an underlying deriva- 

FIG. 6: Use of a piezoelectric impulse jet head to deliver tized solid (highly crosslinked polymeric) support, the den- 
blocked nucleotides and activating agents to individual dots sity of reactive sites will generally be lower than Langmuir- 
on an array plate. The configuration shown has a stationary Blodgett and group density. However, the use of 
head/moving plate assembly. 60 perfluoroalkyl masking agents preserves a relatively high 

FIG. 7: Enclosure for array reactions showing array plate, fluorine content in the solvent accessible region of the 

sliding cover and manifolds for reagent inlet and outlet. supporting surface. 

( , rTA „ cn nce n n ,nT, Au ^ arc 1150 ^o important characteristics of the dcriva- 

DETAJLED ^CWraON OF THE ^ rcgioDS m pattcn f cd oligomiclcotidc syDlhcsis . The 

fcNiiUN 65 sur f ace must DC compatible with the method of detection of 

The practice of present invention can include a number of hybridization. Radioactivity is largely being replaced by 
photoresist substances. These substances are readily known spectroscopic, chemiluminescent and fluorescent detection 
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techniques in DNA research. It is desirable that the surface 
be optically transparent. A second important characteristic is 
that the linkage of the penultimate oligonucleotide to the 
surface have high chemical stability, at least equal to that of 
the polyphosphate backbone in DNA. 

The optical properties of glass (polytetrasiloxane) are 
unsurpassed for detection purposes. Further, there are 
numerous techniques developed by the semiconductor 
industry using thick films (1-5 microns) of photoresists to 
generate masked patterns of exposed glass surfaces. The best 
method to derivatize the first exposed glass surface is with 
volatile fluoroalkyl silanes using gas phase diffusion to 
create closely packed lipophobic monolayers. The polymer- 
ized photoresist provides an effectively impermeable barrier 
to the gaseous fluoroalkyl silane during the time period of 
derealization of the exposed region. Following lipophobic 
dcrivatization however, the remaining photoresist can be 
readily removed by dissolution in warm organic solvents 
(methyl, isobutyl, ketone, or N-metbyl pyrrolidone) to 
expose a second surface of raw glass, while leaving the first 
applied silane layer intact. This second region glass can then 
be derivatized by either solution or gas phase methods with 
a second, polar silane which contains either a hydroxyl or 
amino group suitable for anchoring solid phase oligonucle- 
otide synthesis. 

Siloxanes have somewhat limited stability under strongly 
alkaline conditions. Conditions such as 0.1 N sodium 
hydroxide, typically employed to strip probes from nylon 
hybridization membranes, should be avoided for reusable 
glass based hybridization arrays. 

Teflon (polyletrafluoroethylene) itself would provide an 
ideal lipophobic surface. Patterned derivatization of this 
type of material can be accomplished by reactive ion or 
plasma etching through a physical mask or using an electron 
beam, followed by reduction to surface hydroxymethyl 
groups. However, the opacity of teflon at visible wave- 
lengths severely restrict the applicable methods for detection 
of hybridization. 

Depending on the ultimate application, other organic 
polymers have desirable characteristics for patterned oligo- 
nucleotide synthesis. Polypropylene is relatively transparent 
to visible light. It can be surface derivatized by chromic acid 
oxidation, and converted to hydroxy- or aminomethylated 
surfaces which provide oligonucleotide synthesis anchors of 
high chemical stability. Highly crosslinked polystryene- 
divinylbenzene (ca. 50%) is non-swellable, and can be 
readily surface derivatized by chloromethlylation and sub- 
sequent functional group manipulation. Nylon provides an 
initial surface of hexylamino groups. 

The lipophobic patterning of these surfaces can be 
effected using the same type of solution based thin film 
masking techniques and gas phase derivatization as glass, or 
by direct photochemical patterning using 
o-nitrobenzylcarbonyl blocking groups. Perfluoroalkyl car- 
boxy lie and sulfonic acid derivatives rather than silanes are 
now used to provide the lipophobic mask of the underlying 
surface during oligonucleotide synthesis. 

The solution of chemical reactanl can be added to the 
functionalized binding site through utilization of a piezo- 
electric pump (FIG. 5) in an amount where the solution of 
chemical reactant at each binding site is separate from the 
solution of chemical reactant at other binding sites by 
surface tension. As described more fully infra, in the pump 
depicted in FIG. 5, reactant solution is inserted through the 
inlet (2) into the chamber (6) formed between the upper (1) 
and lower (5) plates of the piezo. Application of a voltage 
difference across the upper and lower plates causes com- 
pression of the piezo, forcing a microdroplet (4) out through 
the nozzle (3). 
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FIG. 3 depicts the deposition of the reactant solution on 
a functionalized binding site and subsequent reaction with 
the surface. A micro-droplet of solution (FIG. 3(a)) is 
deposited on the functionalized binding site (center cross- 

5 hatched region in FIG. 3(£>)). Because of the differences in 
wetting properties of the reactant solution on the function- 
alized binding site and the surrounding surface, the micro- 
droplet of the reactant solution beads on the functionalized 
binding site and the reactants in solution react with the 

10 surface (FIG. 3(c)). 

The piezoelectric pump that may be utilized in the inven- 
tion delivers minute droplets of liquid to a surface in a very 
precise manner. The pump design is similar to the pumps 
used in ink jet printing. The picopump is capable of pro- 

15 ducing 50 micron or 65 picoliter droplets at up to 3000 Hz 
and can accurately hit a 250 micron target in a 900° C. oven 
at a distance of 2 cm in a draft free environment. Preferred 
embodiments of the apparatus according to the invention are 
set forth in Example 3. 

20 Alternative pump designs should take into account the 
following physical and mechanical considerations for reli- 
able performance to be obtained. When a non-compressible 
fluid inside of a pumping cavity is subjected to a rapid strong 
pressure pulse, the direction of flow of the liquid from the 

25 cavity is determined primarily by the inertial resistance of 
the liquid placed. There is more liquid, and thus resistance 
to flow, on the inlet side than through the nozzle port. The 
column of liquid that is forced out of the nozzle begins to 
neck off as a result of surface tension. The stream breaks as 

30 the piezoelectric is de-energized, with the remaining column 
of liquid drawn back into the nozzle. The droplet that has 
necked off continues its flight with the velocity it achieved 
in the initial acceleration. Typically, the ejection velocity is 
about 1-2 meters/sec. 

35 In normal printing applications using 150 micron drops of 
viscous water-based inks, the head speed is typically about 
0.5 meter/sec. This motion adds a transverse velocity com- 
ponent to the droplet trajectory and can affect aiming accu- 
racy. It may also cause the drop to skip when it hits a surface. 

40 Droplets fired from a stationary head tend to evaporate more 
slowly because they follow in the vapor trail of the preced- 
ing drop. The heads work most reliably when the inlet 
supply lines are not required to flex and the liquids are not 
subjected to acceleration forces. 

45 The size of the drop is determined primarily by the surface 
tension of the solution and by the diameter of the pump 
nozzle. The smaller the droplet, the faster it will evaporate 
and the more its trajectory will be affected by drafts. Nozzles 
smaller than 25 microns tend to become plugged with dust 

so particles. For water, the drop diameter is approximately 1.5 
times the nozzle diameter. Typically, drops will not vary in 
size by more than 5%. We have shown that the jet will also 
successfully eject a variety of polar solvents, including 
CH 3 CN and MeOH. With these less viscous solvents, too 

55 forceful an ejection pulse may result in the formation of a 
series of trailing satellite droplets in addition to the primary 
drop. The duration of the pulse also affect satelliting. 

After the cavity has returned to its original state, a period 
of time must be allowed for the nozzle to refill by capillary 

60 action before another cycle of pulsing can be initiated. It is 
important for the nozzle refill only to the top of the orifice, 
but the liquid meniscus not spread out onto the front face of 
the jet. This is prevented by silanizing the face to reduce its 
surface tension. The bead is also operated under slight 

65 negative pressure to prevent overfilling. The aim of the drop 
is in the axial direction of the nozzle, but defects in the face 
coating can affect the trajectory. 
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Arrays of nozzles with up to 64 independent pumping Examnle 3 aii ,k , 

chambers but a common inlet supply have been fabricated waS a e ^ 1 *T ^ DMT deblockiD 8' 

11 >s important that each chamber inlet have some restrictton H^ ™ 1 ^ "* Way in a balch P roee * by 

so that operation of one pumping chamber does not aftXe Sf* , ' ^ "* appro P ria,e ^ eight 

others. The separation between nozzles 5 lotdS T r P hMd ' S USed «° <>* 

tntcrons for printing applications, but denser arraj can be dots Sh h f f ' Vating KageDts 10 ue indivi *»l 

produced either by interleaving the transverse motion * .h! ^ f , eLvenng ^P' 613 al 1000 Hz, requires only 32 

•argc. or decreasing the nozzl^spacin; ° f «conds to lay down , 512x512(262k) array. Since none of 

™ steps have critical time requirements, the 

EXAMPLE 1 ,„ ! n rea< *° n between the first and last droplet 

io applied is insignificant. v 

Preparation of Array Plates Ready for CYAVfm p , 

Oligonucleotide or Peptide Assembly tXAMPLE 3 

The hybridization array is synthesized on a glass plate Construction of Piezoelectric Impulse Jet Pump 

vJi F!tt !? firSt 003,6(1 Wilh ^ suble Auorosiloxane 15 Apparatus 

average distance of 3-4 nm between the oligonucleotide and pumping chamber. When the oiezoelecfric LS? 

lions typically used in oiigonucicotide or pepUde synthesis 30 Tn <u ' 

Th« scheme for preparing array plates is iUustratedlnFIGS firino 5 T ,^ ^T"* 0rifice sizc for a ™ 

2(A) and 2(B) and was previously disced 1 5^"*^ **** * jCt ^ ^ a »*■ of 

7 decreasing orifice sizes is prepared and tested. A 40 micron 

EXAMPLE 2 " produces droplets of about 65 picoliter. 

a ui r 35 f A se Py ale ° ozzlc head is provided for each of the 

Assembly of Oligonucleotides on the Array Plates four nucleoUde s and a fifth head is provided to deliver the 

assembly, the solvents of cEle aceS whthK 40 h..?, ?° m P le,ed P™P ■* » ambled with the beads 
a surface tension of y-29, and diSSStojSS^ ISfv n. . ^ f thed '2 ,letsfir « 1 downward a. a moving 

Be hydroxyalkylsiloxanesurface KE£K£ ffi SSfcJSrfn^ * PUmp "* 

acetonitrile, while the fluorosis™,. m„iJS <■ y •fsemoiy (3)consiste of nozzle army buds(4-7) foreacfa of 
between fcedotsisvery^ ^ "» cfc ^« ^ a fifth head (8) for activadng 

of oligonucleotide «M^T=JK! « 5?* • -crodroplet (9) is ejected from 
applied to the do. surfaces and tenc to bead ££££ tB^^Sm " ^ W " ' 

FIG. 3. Mixing between adjacent dots is prevented bv the a „i , TirL K) ' 
very hydrophobic barrier of the mask. Tie contact anele for «>Jl£ f*?* ?■? ^ 15 held * 8 mechanical 
acetonitrile a. the mask-dot interface is approxSatelv u mdeXed 111 the X Md ^planes beneath the heads 

6-43'. THe plate effectively acts as an array mZoCS 5 ° £, , ^mnous screw drives. The mechanical sUge is 
wherein the individual wells are defined by S enS ^ to * 0Seused » J ns ^^ling machines, microscopes 
rather man gravity. The volume of a 40 micWSis33 *1 miCr ° t ° IDes ! ** J™**" reproducible posiuonmg 
picoliter. The maximum vohime i^|J5S£lS SFEL T ^i?'" 01 * " 01 ^ * **» 
is approximately 100 picoliter, or about 3 dropkte A 100 ' ? 3) h &l4d 3 slotted s P lcer ( 4 ) 

micron dot retains approximately 400 picolitw, or about 12 " * ? "Tl*™ (5) 10 be slid over *• ^ W 

droplets. At maximum loading, 50 micron a3 100 mtoon m ZT ^"al inlet (1) and onto 
dots bind about 0.07 and 0.27 femtomoles ohgonVcleofide 2*2? FT" ^ plate 10 te flooded for 
respectively. gonucieouae, washing, apphcation of reagents for a common array 

A^ernbly of oligonucleotides on the prepared do, (FIG. <o SEta^S*" " "* * * * M *" ^ 

ttT."?W!^ h Bo ?r^ Mdheadasse ^«-^-^ e 

Both methods are well know, flfi ^ Sfi. 3R 5^2* h"? "?f fcd ° r PWged ^ «° 
the an. Oligonucleoude and Analoes A feSTl T?.u COndltic,DS - Wilh 11)6 P ll,e ^ 
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With a six minute chemistry cycle time, the apparatus can sisting of hydroxvalkvl silo™,,.. j,-u„j,„»„ n, i t 
produce 10-mer array plates at the rate of 1 plate or 106 and XSJoSSSSSi f ' sdoXiules ' 
ohgonucleotides per hour. 5 . A metnod of using a my ^ _ 

EXAMPLE 4 SU i C0l ?P ri ?i'W » covalenUy linked layer of inert 

cAAMrLt 4 s siloxane, wherein^aid covalenUy linked layer defines an 

Use of Oiigonucleotide Array Plates to Determine 

the Nuclcoudc Sequence of a Target Nucleic Acid tions localize to said sites via surface tension said K£ 

Hie oligonucleolide array plate is prepared as described in ^ P ^S^^ n \^h U ° f Z"?™ ^ ™ geni 0D 

Examples! and 2, usinc the aoDaratus described in Examnle 10 , Y J * 10 40 1111011111 such mat said solution of 

Surrey contains 0$^^!^%^ ttffnOTiS^ffl W J* 

each (10-mers). The synthesis is carried oulsuch that each fusion at 0thCF SltCS duc to surfacc 

oligonucleotide element, moving in a 5'-3' direction, is 6. A me Uiod of usmg an anay plate for conductinii nucleic 

identical to the preceding element in nucleotide sequence, acid reactions, wherein said J^S^SSSf^^ 

except that it deletes the 5'-most nucleotide, and adds a new 15 surface comprising a covalenUriin^ 1 oMnert 

3 -mosl oligonucleotide. In thLs way the total array repre- siloxane, said covalenUy linked layer defines an array of 10 

scnLs every possible permutation of the 10-mer oligonucle- to 10 4 functionalized binding sites per cm 2 , which do not 

olidc. Oligonucleotides are spaced at 7 nm intervals to have said covalently linked layer, such that 'chemical reac- 

provide an oligonucleotide loading density of 3.4xl0" 12 t*nt solutions localize to said sites via surface tension said 
moles/cm ,or 2. 6x1 0" J 6 moles per 100 micron element. The 20 method comprising depositing a solution of nucleic acid 

target nucleic acid is used to probe the oligonucleotide array reagent on said array plate to chemically react with said 

plate. The probe is labelled with 1000 Ci/nmol p 32 . The functionalized binding sites in an amount such that said 

labelled probe is contacted with the oligonucleotide array solution of nucleic acid reagent at each said binding site 

plate for hybridization in a 10 nM solution of probe in 3M sta y s separated from said solution of nucleic acid reagent at 
Me 4 NCl at 42° C. At 10% hybridization and wash efficiency, 25 other sites due to surface tension. 

each oligonucleotide element dot having an exact match 7 - The method according to claim 5 or 6, wherein said 

with the probe binds 26 attomoles of probe. Radiolabel depositing is performed using an ink jet printing apparatus 

binding is detected using a Bio-Image Analyzer™ (Fuji, *• The method according to claim 5 or 6, wherein said 

Waltham, Mass.). The pattern of binding is assessed and the depositing is performed using a piezoelectric pump 
nucleotide sequence of the probe nucleic acid is determined 30 * The method according to claim 5 or 6, wherein said 

by ordering the nucleotide sequence according to the known amount is about 50 picoliters to about 2 microliters, 

sequences of the oligonucleotide elements, as shown in FIG. 10- A method according to claim 6, wherein said nucleic 

*' add reactions form covalent bonds between said nucleic 

FIG. 1 depicts a sequencing arrangement based on a acid rea S CDt and said functionalized binding sites, 
matrix of trimer oligonucleotides bound to the array plate. 35 11 \ A raetnod °f using an array plate for conducting 

FIG. 1(a) is the basic matrix consisting of the four nude- nucIcic acid reactions, wherein said array plate comprises a 

otides. FIG. 1(b) is the complete trimer matrix, representing su PP ort surface comprising a covalenUy linked layer of inert 

each of the 43 trimer permutations. The underlined elements siloxane, said covalently linked layer defines an array of 10 

in the array represent sites to which the target nucleic acid 10 10 fictionalized binding sites per cm 2 , which do not 
is bound. FIG. 1(c) depicts how a sequence complementary 40 have . Mid C0VaJ ently linked layer, and said functionalized 

lo the target nucleic acid is constructed from the known bindin g sites are more polar than the surrounding surface, 

sequences of the sites to which the target nucleic acid is said mclhod comprising depositing a solution of nucleic acid - 

bound. reagent on said functionalized binding sites in an amount 

What is claimed is: such that said solution of nucleic acid reagent at each of said 

1. An array plate comprising a support surface comprising 45 bindin g sites stays separated from said solution of nucleic 
a covalently linked layer of inert siloxane, wherein said acid rea g cnt at othc r sites due to differential wetting of said 
covalently linked layer defines an array of 10 to 10 4 sites per more poIar fictionalized binding sites. 

cm 2 , which do not have said covalently linked layer, and 12 ' ^ melbod a ccording to claim 11, wherein said 

which are about 50-2000 microns in diameter, and wherein depositing is performed using an ink jet printer apparatus, 
chemical reactant solutions localize to said sites via surface 50 13 * ^ method according to claim 11, wherein said 

tension. depositing is performed using a piezoelectric pump. 

2. The array plate according to claim 1, wherein said 14 ^ mctbod according to claim 11, wherein said 
siloxane is tridecafluro-l,l,2,2-tetrahydrooctyl siloxane. amount is about 50 picoliters to about 2 microliters. 

3. The array plate according to claim 1, wherein said sites } 5m A mclnod according to claim 11, wherein said nucleic 
are functionalized to bind or covalently link a nucleic acid. 55 aC ! d react i° n forms covalent bonds between said nucleic 

4. The array plate according to claim 3, wherein said sites acid rea S em and said functionalized binding site, 
comprise siloxane compounds selected from the group con- * * * * „ 
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ABSTRACT 



An open system is provided for performing a subraicroliter 
reaction. An open system can contain a solid support having 
a target site for performing the reaction; a liquid dispensing 
system such as a nanoliter dispensing pipette for dispense 
a subraicroliter amount of a liquid to the target site- I 
temperature controlling device for regulating the tempera- 
ture of the support; and means for controlling the amount of 
liquid dispensed, which corresponds to the amount of liquid 
that evaporates from the target site. Also provided is an open 
system, including a solid support having a target site- a 
liquid dispensing system, which can dispense a liquid to the 
target site; a temperature controlling system, which reo U - 
lates the temperature of the solid support; and an interface 
which regulates an amount of liquid dispensed from the 
liquid dispensing system. Also provided is a method for 
performing a reaction in a subraicroliter volume in an 
unsealed environment by dispensing a submicroliter volume 
of liquid onto the surface of a support; monitoring the 
temperature of the support; monitoring an amount or rate of 
evaporation of the liquid; and dispensing to the surface of 
the support a further amount of the liquid, which corre- 
sponds to the amount lost from the support due to 
evaporation, thereby maintaining the reaction volume at a 
predetermined volume throughout the course of the reaction. 
A method also is provided for maintaining a volume of a 
reaction mixture, which can be one of a plurality of reaction 
mixtures, on a solid support in an unsealed environment bv 
monitoring the rate of evaporation of a liquid from the 
reaction mixture; and dispensing into the reaction mixture an 
amount of liquid that corresponds to the amount that evapo- 
rates. r 

71 Claims, 1 Drawing Sheet 



U S 6,225,061 Bl 

Page 2 



OTHER PUBLICATIONS 



Eggers et al., Bioteclmiques 17:516-575 noon 
E.chler and Houghta,. Molec VI i l 1 
(1995). C - Med - Tod "y M74-I80 

Faitom et al., /„/«;, 6 o :584 _ 589 

Greeoe and Wins in"iw.^- ~ (1994). 

Hadd ci al., Microchip device for n,Vf ■ 
assays, Anal Chen, 69(1 ^OM 5 m& ^ 
Hazum et al., in Pent r n h 

fta.fck.ft P, lOMi^r *** «- 

Insirumentation: TaqMan™ kit ^ ■ ,. , 
distribited by Perkin Elmer ' PP led Biosystems, 
l»n,n,,,,, fio „ :Nl „ ptactIrom 

(1996). ^ CA *m. 68:720-723 

Jurinke et al., Application of nested PCH ,„h 
trometrv for DNA-bawH , , ^ and mass spec- 
detected in lbe IS* HBV-DNA 

(1996). y ' AaecA J*l 123-1 128 

Kosier el al. N-APYr 

^.'363-369 Si) COmparatW stud y. ^ta 
M24:3lt 3 n ( 199i7 ^ NuC,Acids 

^er e, al., tlS22£?J£ 
nauc synthesis of olko- and ™hT ? ere for the enzv - 

^r^^^ *»* Sbn. Mass 
«:09O-2096 (1996) S e ° UdeS - ^ Qto- 
Liang et al.. Science 274:1520-1522 (1Q 96) . 



Little J 1 n"' ^ M: ^546 ( S 
Little et al., /« r \i„„ c 

170:323-330(1997) / * aW,t ,0n P ™ e *" M 

359:167-169 (199 2 ). Dr0Ugnpul DN A sequencing, Nature 

otonLeoi IJKt?^? ° f h ' SWenSitV 

Melcor TTterrooelectric Produc . f 13560 °" 6) - 
Jan. 27, 1999 roducl ,nf ormatioo, available at 

(1996). ^" c/ - tes. 24:361-66 

Peltier Thermal Cycler The PTr c • 
h«p://, Mar. 4, 1999 C ~ 200 En S 1De - available at 

Quniton.'V «X*£ 1976 Feb 40(2)' ?*»_•, 

(1998) 4C<7</ - 5c '- «&* 95:13525 

SSJ 61 I-**'- Kochem. 267:65-71 ( 19 99) 
Jonagh. e. tiM.Biochem. 242:84-89 X 

and microfSted rc R Tvi a8me0lS from conven,io ^l 
MALDI-TOF mass tT US " lg delaycd 
70d0):2067-73 (199t) SpeC ' romel '* Chen, 

tt^lJSStStt Nucleic «*■ 

try: Nucleic adds" n ' D d B,00r 8«ic Chemis- 
Sambrook e. al MaxaLi^ 1996 ' PP 36 ~ 74 )- 
DNA method »Mo SSSf? ?, iCal of 
2nd ed. (Cold Sprin H£J JS* A lab ° rat0 'y "anuaj" 
13.11-13.13. Laboratory Press 1989), pp . 

Senter et al., Photochem. Photobiol 4*23I-W rioRo 
Sequeoom Advance tK. 1 j J (198i). 

vWTh the Launch onts DNAt^l GeD ° micS Revolu "0" 
cess Line, ^S^S^^^ P - 

SSB^Sa. 6 * Ma ^.v Technology, 



US 6,225,061 Bl 

Page 3 



Sequenom Uses DNA MassArray™to Sequence Section of 
Human Cancer- Related p53 Gene, Press Release: Mar. 27 

1998. 

Simpson et al., High-throughput gentic analysis using 
microfabricated 96-sample capillary array electrophoresis 
microplates, Proc. Natl. Acad. Sci. USA 95:2256-2261 

(1998). 

Tang el al., Matrix-assisted laser desorption/ionization mass 
spectrometry of immobilized duplex DNA probes, Nucleic 
Acids Research 25:3126-3131 (1995). 
Thermoelectric Modules (Americool) no date, 
van den Boom et al., Combined amplification and sequenc- 
ing in a single reaction using two DNA polymerases with 
differential incorporation rates for dideoxynucleotides, J. 
Biochem. Biophys Methods 35(2):69-79 (1997). 
van den Boom et al., Anal. Biochem. 256: 127-129. 
Wang et al, Large-scale identification, mapping, and geno- 
typing of single-nucleotide polymorphisms in the human 
genome, Science 280:1077-1082 (1998). 
Waters et al., Microchip device for cell lysis, multiplex PCR 
amplification, and electrophoretic sizing, Anal. Cliem. 
70:158-162 (1998). 

Waters et al., Multiple sample PCR amplification and elec- 
trophoretic analysis on a microchip, Anal Chem 
70(24):5l72-6 (1998). 



Weiler et al.,Hybridisation based DNA screening on peptide 
nucleic acid (PNA) oligomer arrays, Nucleic Acids Res. 
25:2792-2799 (1997). 

Welhoner et al., J. Biol. Chem. 266:4309-4314 (1991). 

Whittal et al., Nanoliter chemistry combined with mass 
spectrometry for peptide mapping of proteins from single 
mammalian cell lysates,i4/ia/ Chem 70(24):5344-7 (1998). 
Woolley et al., Functional integration for PCR amplification 
and capillary electrophoresis in a microfabricated DNA 
analysis device, Anal Chem. 68:4081-4086 (1996). 

Yen et al., Makromol. Chem 190:69-82 (1989). 

Derwent ™0O9385238, WPI Acc. No. 1993-078716/ 
199310, citing European Patent No. EP0 531 234 published 
Mar. 10, 1993 (item B). 

Lemmo et al., "Characterization of an inkjet chemical 
microdispenser for combinatorial library synthesis", Anal 
Chem. 69:543-551 (1997). 

Litborn et al., "Parallel reactions in open chip-based 
nanovials with continuous compensation for solvent evapo- 
ration", Electrophoresis 21:91-99 (2000). 

* cited by examiner- 



U.S. Patent 



May 1,2001 



US 6,225,061 Bl 




Measured temperatiif» t 
Set temperature 



Temperature 
Controller 




Nanoliter 

Dispensing 

System 

Microchip holder with integrated 
Peltier element and Thermistor 



fig. 1 



US 6,225,061 Bl 



SYSTEMS AND METHODS FOR 
PERFORMING REACTIONS IN AN 
UNSEALED ENVIRONMENT 

BACKGROUND OF THE INVENTION 

. 1. Field of the Invention 

The invention relates generally to systems and methods' 
tor performing a reaction in a small volume without incur- 
ring an undesirable loss of the reaction volume due to 
evaporation, and more specifically to systems and methods 
tor performing reactions involving polymers, particularly 
biopolymers, in a reaction volume of a few microliters or 
less in an unsealed environment. 

2. Background Information 

Technological advances have allowed an examination of 
previously undiscernible phenomena. Such advances are 
particularly notable in the biological sciences, where the 
chemical and physical structures of many biopolymers have 
been described, and where such biopolymers, including 
DNA and proteins, routinely are synthesized and sequenced. 

Although methods such as nucleic acid sequencing and 
synthesis have contributed to understanding the structure 
and function of biological molecules and their relationships 
to disease, the limitations of such methods are apparent. For 
example, it generally is agreed that knowledge of the entire 
sequence of the human genome would provide valuable 
insight into the prevention and treatment of disease. The 
human genome, however, contains over one billion nucle- 
otides and a huge expenditure of labor and money would be 
required to sequence the entire human genome. 
Furthermore, using currently available methods, many years 
will be required to see the project to completion. 

Similarly, it is a goal of most clinical researchers to 
develop rapid and simple tests for determining whether an 
individual has a disease or predisposition to a' disease. In 
many cases, the signs and symptoms of many genetic 
diseases do not become apparent until an individual reaches 
a certain age or stage of development. Knowledge that an 
individual has a predisposition to a genetic disease can allow 
the clinician to take prophylactic measures to minimize or 
delay onset of the disease. Ideally, all individuals would be 
screened for potential genetically determined diseases, 
including screening a large number of genes in each indi- 
vidual. Unfortunately, such routine screening currently is not 
feasible because the assays are time consuming and the 
reagents for performing such assays are expensive and 
limited in availability. 

In an effort to reduce the time and cost for analyzing 
biopolymers, including genes and proteins, processes are 
being developed to automate the analytic procedures. Auto- 
mation provides a means for performing repetitive processes 
almost continually, except for periodic breaks for equipment 
maintenance, and allows researchers and technical staff to 
devote more lime to other endeavors, including interpreting 
the results produced by the automated assays and trouble- 
shooting problems that may arise. Automation of repetitive 
processes also provides the advantage that the likelihood of 
errors occurring, for example, due to fatigue or distraction is 
reduced and, therefore, more accurate results can be 
obtained. 

The application of nanotechnology to the biological sci- 
ences promises to provide the next breakthroughs relating, 
lor example, to the analysis, synthesis and utilization of 
biopolymers. Nanotechnology, which provides processes 
and apparatuses for performing procedures on a very small 
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scale, has been developed by the semiconductor industry in 
order to produce smaller and smaller microchips, and to 
allow placement of a continually increasing number of 
instructions on a microchip. 

Efforts are in progress to apply nanotechnology to chemi- 
cal and biological procedures, thereby providing a means to 
perform assays in very small volumes, generally a few 
hundred nanoliters or less. Application of nanotechnology to 
biological assays can be particularly valuable because a 
critical limitation of many biological assays is the amount of 
biological material available for analysis. By performing 
such assays in nanouter volumes or smaller, the effective 
concentration of a biopolymer in a biological reaction is 
increased, thereby providing the necessary kinetics for a 
biological reaction to proceed. In addition, the ability to 
perform biological assays in nanoliter volumes can provide 
a significant cost savings because much smaller amounts of 
reagents, which can be very expensive, can be utilized in the 
reactions. 

The application of nanotechnology to biological assays 
has been hindered, in part, by the difficulty in manipulating 
and maintaining such small volumes. Many biological 
assays, for example, are performed in aqueous conditions, 
using water as a solvent, and at elevated temperatures, 
generally at least 37° C, which is human body temperature! 
Water, like many liquid solvents, is susceptible to evapora- 
tion and, therefore, as the time or temperature of a reaction 
increases, the loss of water due to evaporation increases and 
the volume of the reaction decreases. As a result of 
evaporation, the effective concentration of reagents in the 
reaction increases, thereby changing the conditions of the 
reaction. Since most biological assays are quite sensitive to 
reaction conditions, loss of water or other solvent from a 
reaction can result in an assay that produces spurious results. 
Any loss of a solvent such as water is particularly deleterious 
when the reaction contains only a few hundred nanoliters or 
less of the liquid, since the reaction quickly can evaporate to 
dryness. _ 

Various methods have been used to minimize the loss of 
solvent in a reaction due to evaporation in biochemical 
assays. For example, reaction mixtures can be drawn into 
glass capillary tubes, which then are sealed at both ends for 
the reaction. Small volume glass capillary tubes can be 
expensive, and the use of such tubes requires additional 
steps, including sealing and unsealing the tube, the latter 
which can produce glass shards. 

In many cases, reaction mixtures are performed in a 
microcentrifuge tube or other open chamber, and evapora- 
tion is minimized by overlaying the reaction mixture with 
wax, mineral oil, or other nonvolatile compound during the 
reaction. Such a method, again, requires additional steps, 
including removing the sealing material following the reac- 
tion. In order to remove all or most of the sealing material, 
which can otherwise contaminate the sample and hinder 
further analysis, some loss of the sample being assayed 
inevitably occurs. Since most biological samples are limited 
to begin with, any loss of sample can preclude an interpre- 
tation of the results of the assay. In general, any additional 
manipulations of a sample will incur extra cost, either in 
terms of lime or money, and loss or contamination of the 
sample. 

More recently, biological reactions have been performed 
on microchips, which conveniently can be adapted to auto- 
mated processes. Such microchips have been designed hav- 
ing a system including, for example, chambers, which hold 
the reactants, and channels, which connect the chambers and 
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provide a sealed or closed ^ ^ 

th V e a rh IV t Y reaCli0n V ° lUme - ^ far ' h0WCVer ' " 0f *A ^e-y Ca ^K^^ 

SI y A ^ u SUCh d ° Sed SyStCmS 0D a l0St fr ° m lhe tu ^ { Slle due 10 evaporation, although the 

single microchip and, therefore, the number of reactions that amount added also can be an initial amount added to a target 

can be performed at one time on a single chip is limited. site or an amount added to modify the conditions of a 

lUus, a need exists for systems useful for performing reaction. 

u^Th m 3 VOlUmC °L* f r W microUlers or less « ^ 10 An open system, as disclosed herein, also can include a 

unsealed environment. Therefore it is an object here to solid support having a target site; a liquid dispensing system 

P ovtde systems and methods that satisfy this need and also which can dispense a liquid to the target 

provide additional advantages. controlling system, which regulates the temperature of the 

SUMMARY OF TUP iKivcxrn^M *? M SUPP ° rti and meaDS for an amount of liquid 

NUMMARY OF THE INVENTION 1S dispensed from the liquid dispensing system. In addition, an 

Systems are provided for performing a reaction in an ^system, » disclosed herein, can have a means 'for 

unsealed environment. The systems are used for any desired f ontaimn S a reaction mixture; a means for dispensing a 

reaction, including, but not limited to in situ biopolymer or qU1< ?' a meanS for controllin g the temperature of the 

polymer synthesis, such as nucleic acid and protein reactl0n volume containing means; and means for regulating 

syntheses, protein and nucleic acid sequencing methods 20 a ° am ° UDl ° f liquid dis P ensed ^om the liquid dispensing 

such as oligonucleotide-based primer extension, nucleic acid meanS * 

amplification reactions, protein and nucleic acid protease- or A meaDS for re g uJatin g ™ amount of liquid dispensed can 

nuclease-based degradations and others. be a computer having an appropriate algorithm. Such a 

A system as disclosed herein is an open system for com P uler can imerface w ^ toe solid support, thereby 

performing a reaction, such as a synthetic reaction or an 25 ra0m ' 0nD ? the ^ em Perature of the support, and can provide 

assay, particularly in a submicroliter volume The systems " mcUcall0D of an amount of hc l u ' d to be dispensed to a 

can include a support for performing the reaction- a nanoliter 'V 8 " ^ l ° maintain a P rede ^rmined volume, for example, 

dispensing pipette for dispensing a submicroliter amount of , * Tu™ V ° ' com P uler caD cause to be dis- 

a liquid to a target site on the support; a temperature ? f am ° UDt ° f hqmd t0 * such that an 

• controlling device for regulating the temperature of the 3 ° ^ dmduaJ i caD manipulate the liquid dispensing system and 
surface of the support; and means for controlling the amount T°f r L f ^ ° r lhe can ^^ber interface 
of liquid dispensed, where the amount of liquid dispensed <V dls P ensin g system, thereby causing the 
corresponds to the amount of liquid evaporated from the T°T l ° bC dls P eDSed - Io add ti°n, charts can be 
support. A means for controlling the amount of liquid l °at predict the amount and rate of evaporation of 
dispensed can include computer software that calculates the 35 * P **™ hT S0,veQt at a P art icular temperature and, based on 
rate of evaporation and signals the dispensing pipette to ' a " mdividual can manipulate the liquid dispens- 
deliver an amount of the liquid that" corresponds to the m f. sys ' e * as ne <*ssary. Also, a decrease in the volume of 
amount lost due to evaporation. A means for controlling the * ,!! u l ° eva P oral,on can be identified directlv by 
amount of liquid dispensed also can be manual input which ?» u, S ^ l ° 3 CirCUit ' wherein < when ,he Uc * uid 
can be performed by an individual 40 S below a P redele rmined point, the circuit is broken, 

A system as disclosed herein also can inc.ude a tempera- ^£^*5£!tfi2^^ * te 
lure measuring device for measuring tbe temperature of the Z , JiZ reestablished, 
surface of the support. The support can be nTsuppor ma,n,aiD ,' ng a voluffle ° f a * « 

having a surface, including, for example, a bead pto «mb „ Z^^" 00 ^ ^° are P rovided A 

wafer, well or microchip, and the support can be ton pe * mn ?« a react,on ln a redetermined submicroliter 

ahzed such that a substrate, for V °'hT "■ "? T° be petbmei by dis P eDsin S ,he 

be linked, e.ther direct.y or Uk^ £SZ£ Z^ZltZ^T T * ^ "* "J 

covalen. interactions, to the support and immobilized. tJjiK* P "i mo ™™°& ' be ° f 

\ n n , , me substrate determining he amount or rate of evaooration 

so,£ sunnorf wh^h.f *?* ^ ?° ™ ^ ' 5 ° ° f ** ^ from < he « aDd a^t er 

volume of nouid for et "* ^ > ^ ° f the 10 lhe surfa « of "« «ppo7t, wherein 

"hum of hqu,d, for example a reaction mtxture; a hquid the further amount dispensed corresponds to the amount lost 

STuSSSdS cnnf ""T" 8 t0 ' arge ' £r0m ,be SUPP °" due ^-poration'herebv S J 
e temnZ^nh , ° g S y slenl - whlch can ' taction volume at a predetermined volume throughout th 

• the temperature of tbe so hd support; and an interface, which 55 course of the reaction. Such a method alsocan be nerforaied 

e n tm?h a ^ am T^ 0fhqUidtObediSpeDSedtOtbe,ar8el f0r Manl P le - ^ r2 *S ture of a™W 

cluS f 11 Pt0S,0g SyStem - ^ ' MtdiCe Mn s W w »'chhasa,axge, S ite,ha,c M Lamavo.umTof 

l^L [ P ' 3 C ° mpUter ^ 30 a PP r °P riate liquid; Md. based on L temperature dispensine a. the 

S™3Cd a ° ~ "* ° f lbC ' arget Si ' e » ™ 0f required rmamt in 

o examnk n r f?"^" mdudiDg> 60 P rede,ermio6d v °"«ne of the liquid. Tbe amount of liquid to 

re. of 2 f.T ° f ' be bqUld> lbC SUrfa " bed ^ eD ^"°bede.ennme4using a oompu.eralgo q rithm. 

liou ffiS '° ^ en 1 W0Dfflen '. aDd the 'i"' -hich, based on various parameters, including the tempera- 

ro de tlZ , T T r,1CUlaf ""P 4 "'^'- aDd caD Iure ^ support, the chemical nature of The liqu.d the 

Sd f IT ouiddi^ ° f 'T" '° be dlS " SUffaCe ar£a ° f ,be li " uid «P osed 10 the environment and 

Pensed trom he liquid dispensing system to the target site to 65 the volume to be maintained can indicate the amount of 

r : a d p s ,ermined voiume Based ° n ,ha ' ,,quid ,hai cva p° raies fSri?-fs .herZ h 

•nformanon. the liquid d^penstng system can be man.pu- amount of liquid to be dispensed to maintain a prede.er- 
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decreases due to ev.por.non. a corresponding .mount of 5 fiirther reduces the likelihood that Z Sample : will be losi 
hquid can be dispensed to maintain the volume within due to transferring a material from one tube to another for 
acceptable parameters. performing different reactions, and facilitates the automation 

Methods for performing a reaction in an unsealed envi- of chemical and biological reactions. It should be recognized 
ronment also are provided. Such a method can be performed. lhat such reactions, while referred to as "single rube" 
ior example, by determining the temperature of a solid ™ tactions, need not literally be performed in a -tube," but can 
support, which has a target site containing a volume of the be Performed at any target site having the characteristics 
reaction mixture, or determining the rate or amount of disclosed herein. 

evaporation of liquid from the reaction mixture; and dis- ^ disclosed open systems are useful for performin° 

pensing into the reaction mixture an amount of liquid Iic ^ uid handling, for example, for performing reactions such 
required to maintain the volume at a predetermined level. ^ as polymerase chain reaction (PCR), DNA sequencing and 
Such a method is particularly useful where the reaction enzymatic digestion reactions. Such reactions can be per- 
mixture has a volume of a few microliters or less, particu- formed directly on the surface of a modified silicon chip that 
larly a volume of about 500 nanoliters or less. The disclosed can De used for mass spectrometric detection of the resulting 
methods also are useful for performing submicroliter reac- products, or allows on-line monitoring of fluorescent or 
tioas at temperatures where the vapor pressure of a liquid in 20 luminescent signals. It is important to prevent evaporation of 
the reaction mixture is undesirably high, for example, about a solv ent, generally water, of a reaction to prevent alterations 
2o kiloPascals (kPa) or greater, particularly about 5 kPa or in concentrations of reactants or other components such as 
greater, or about 10 kPa or greater, such that evaporation of saJts durin S lhe reactions. Typically, evaporation is pre- 
the liquid can substantially change the volume of the reac- venled °y performing reactions in sealed or closed environ- 
tion mixture and adversely affect the reaction. As such, the 25 m ems. The methods and systems disclosed herein permit 
disclosed methods are useful for performing various reactions to be performed, for example, directly on the 
chemical, physical and biological reactions, for example, a surface of a microchip without a need for a lid or sealing, 
polymerase chain reaction, or a nucleic acid or polypeptide ^ achieved by replacing nanoliter amounts of water or 
synthesis or sequencing reaction or other reaction or assay water/glycerol or other reaction mixture components in the 
performed on a solid support. 30 reaction mixture using drop-on-demand systems, which 

compensate for loss of solvent by evaporation. 
BRIEF DESCRIPTION OF THE DRAWING An open system as disclosed herein can include a support 

FIG. 1 provides an exemplary embodiment of an open p° r j** 0 ™^ the reactio ^ 3 nanoliter dispensing pipette 
system for performing a reaction in an unsealed environ- dispensing a submicroliter amount of a liquid onto the 

ment. A liquid is contained on a target site on the surface of 35 su PP°rt; a temperature controlling device for 

a microchip, which is in a holder that is integrated with a K Z* ht ™& the temperature of a target site on the support, 
Peltier element and thermistor. The temperature of the ^"^rly of a liquid at the target site; and means for 
Peltier element/thermistor is regulated by a temperature controllin f the amount of liquid dispensed, wherein the 
controller, which is interfaced with a computer and the am ° UDl dls P ensed corresponds to the amount of 

(emperature of the chip is monitored. The computer which *° ' va f rat j 0 u n of a < he from the support. A system as 

also is interfaced with the nanoliter dispensing device disclosed herein also can include a temperature measuring 
receives input of the measured temperature, calculates the ° fo L measurm § lhc temperature of the surface of the 

amount of liquid that evaporates from the target site and ? Up , P °"- , su PP°rt can be any support having a surface, 
signals the dispensing device to dispense an amount of includl °f for example, a bead, pin, comb, wafer, well or 
liquid that corresponds to the amount that evaporates 45 m ^ TOch ] L ^ and lhe su PP ort ca n be ftmctionalized such that 
thereby maintaining the volume of liquid on the target site * blopoiymer can Uaked to the support and immobilized, 
at a predetermined level. b A means for controlling the amount of liquid dispensed 

can include computer software that calculates the rate or 
DETAILED DESCRIPTION OF THE amount of evaporation of the liquid and signals the dispens- 

INVENTION 50 m S Ptpette to deliver an amount of the liquid that corre- 

A svstem k nmviM fx ^ - ■ Sp0Dds 10 lhe amoum lost due to evaporation. A means for 

A system is provided for performing reactions in an controlling the amount of liquid dLensed also can be 

unsealed environment, including reactions performed in manual input, which can be piS™3^iSuS h 

submicroliter volumes. An open system as disclosed herein addition, a n^eans for contro Z7 the anTounf of Uou d 

™T ,h S ° D ' mcludlD S> for of a ^ decreases below a predetermined point Such a 

nZ ? \ CO k m * m,tam " crease 10 ** effective salt system can be, for example, an elec JaTS which is 

^Z ^^ ^^ ,T V °'r 6 " eed 001 be P° im - Sucb 3 determining means convenien.lv cat, 

Srewnt13S t Pr h ° teCt,Ve '? yer SU ? * mineral oU P rovide « interface between .he utge. site and .he hquid 

an vZe 2 Z man.puJa.tons further requiring dispensing sys.em. A means for conuolling me amount of 

Z^Wc^jSTr^u^uZJSt^ ^ ^ 65 U ^ ddis P enseda, «>«nbeasys.emfor S de.ermmm S .he 

vii: be los due ,0 .heTiont. t 1 S ? mp i e CO0ductivi, >- <° r resisliv i'y) of >he liquid, which chances in 

losi due .o .he addmonal man.pulauons is reduced. parallel with a change in the reaction volume, such" .ha. 
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when the conductivity (or resistivity) reaches a predeter- rate at which the liquid dispensing system dispenses the 

55 ^ZSSXSSl Z IZ T m ,H of liquid t0 a targ " sile whicb - i 

£d 1 1 I S 52T 1,16 mam ' aln Mn * manu aUy or au.omatically, thereby allowing 
An open system as disclosed ' allows a reaction to be , * m - d volume ° f lh <= to be mamtamed a, the 

ST! d 'HH° UDSea ! ed e k D ; ir ° nraem - M °P en As used herein, the term "liquid" is used broadlv to mean 

elude a solid support which has a targe, site that contains a non-solid, non-gaseous material, which can b bomoge 
he reaction mixture; a liquid dispensing system; a tempera- neous or heterogeneous and can contain one o moJ 2r 
re controlling system, which regnla.es the temperature of gaseous materials dissolved or suspend ed therein In 
the solid support; and an interface that regulates an amount .0 general, a liquid is a component of a reaction mi u e hat s 
o iquid dispensed from the liquid dispensing system. THe susceptible to evaporatio under the concutls o he re 
mterh* can indicate an amount of liquid to be dispensed tion. In particular, the liquid can be a »lven in wb cb a 

00 *7T K 0f , tbe 5011(1 SUPPOrt reaC,i0 ° 15 P erf0rmed > for «««* «i or rtiSSer 
JJt L^T, f , IT M °Z 8 P redetennmed P° int ' °' buffer or reaction mixture, where the reaction is per- 

mount of hquid that evaporates from a react.on mixmre on non-solid, oon-gaseous solvent or other component of a 
he solid support. Also provided is a system having means reaction mixture that is susceptible to evaporative loss for 

tor dispensing a liquid; means for containing a reaction example, acetonitrile, which can be a solvent for a nucleic 
volume; means for controlhng the temperature of the reac- acid synthesis reaction; formam.de, which can be a S d 
..on vo ume containing means; and means for regulating an 20 component of a nucleic acid hybridization reaction' 

amount of liquid dispensed from .he liquid dispensing piperidine, which is a liquid component of a nuclei c d 

means based on the temperature of the reaction volume sequencing reaction; or anv other non-aqueous solvent or 

containing means. A means for containing a reaction volume other liquid component. A liquid can contain dissolved or 

can be a solid support hiving, for example, a well or pin, or suspended components, which can be useful, for example 
a barrier, which can be a physical or chemical barrier. a for initiating, terminating or changing the conditions of a' 

,,T 0 ° S . fi . ,. . ,, t . , action, thereby facUitating the performance of single tube 

Unless defined otherwise, all technical and . scientific reactions. 

terms used herein have the same meaning as is commonly As used herein, the term "reaction mixiure" refers to anv 

understood by one of skil tn .he art to which this invention solution in which a chemical, physical or biological change 

belongs. All patents pending and published applications and 30 is effected. In general, a change to a molecule is effected 

publications referred to herein are incorporated by reference. although changes to cells also are contemplated A reaction 

As used herein, the term "unsealed environment," when mixture can contain a solvent, which provides in part 

used in reference to a volume of a liquid, means that there appropriate conditions for the change to be effected and a 

is no particular barrier present to prevent substantial evapo- substrate, upon which the change' is effected A reaction 

ration of the liquid into the environment. For purposes 35 mixture also can contain various reagents, including buffers 

herein, substantial evaporation occurs when evaporation salts, and metal cofaclors, and can contain reagents specific 

occurs at a rate or amount that alters the reaction conditions to a reaction, for example, enzymes, nucleoside 

before the reaction of interest is completed. Tins is partial- triphosphates, amino acids, and the like. For convenience 

larly problematic for reactions that are performed in wells or reference is made herein generally to a "component" of a 

on the surface of solids small volumes, typically submicro- ao reaction, wherein the component can be a cell or molecule 

liter volumes. Hence, methods and systems are provided present in a reaction mixture, including, for example a 

herein to permit such reactions to be performed. biopolvmer or a produc. .hereof 

As used herein, an open system refers to the systems As used herein, the term "biopolvmer" is used lo mean a 

disclosed herein for maintaining a volume of a liquid in an biological molecule composed of two or more monomeric 

unsealed environment. These can be referred to generally as 45 subunits, or derivatives thereof, which are linked bv a bond 

open systems" although such systems can be sealed from or a macromolecule. A biopolvmer can be for example a 

the air, such as under men gas or in a box or other container. polynucleotide, a polypeptide, a carbohvdraie, or a lipid or 

As noted an open system is one in which evaporation occurs derivatives or combinations thereof, for example a nucleic 

dunng the reaction of interest in an amount or rate such that acid molecule containing a peptide nucleic acid portion or a 

conditions of .he reacuon are altered, such by a change in 50 glycoprolein, respectively. The methods and systems herein 

concentration of critical components, such as salt concen- though described with reference to biopolvmers can be 

tra.ions. This will occur if small volume, such as submicro- adapted for use with other svnthetic schemes and assavs 

liter reactions, are performed in wells or on the surface of a such as organic svntheses of pharmaceuticals, or inorganics' 

solid support. The disclosed systems and methods, thus, are and any other reaction or assav performed on a solid support 

distinguishable from systems and methods for performing a 55 or in a well in nanoliter volumes, 
reaction, for example, in an unsealed microcapillary tube'or As used herein, a biological particle refers to a virus, such 

in a channel on a microchip because, even though a liquid as a viral vector or viral capsid without or withou. packaged 

may be in direct contact to the open air in such systems, the nucleic acid, phage, including a phage vector or phage 

amount of evaporation that occurs is oot unacceptable either capsid, with or without encapsulated nucleotide acid a 

because the evaporation is desired, or because the surface 60 single cell, including eukarvotic and prokarvotic cells' or 

area ot the liquid in contact with the gaseous medium is so fragments thereof, and other' sucb biological materials 
small with respect lo .he volume of the liquid that any As used herein, the term "polynucleotide" refers to an 

evaporation that occurs during the reaction period does not oligomer or polymer containing at least two linked nucle- 

deleteriously affect or alter the reaction conditions. otides or nucleotide derivatives, including a deoxvribo- 

As used herein, the term "liquid dispensing system" 65 nucleic acid (DNA), a ribonucleic acid (RNA), and a DNA 

means a device that can transfer a predetermined amount of or RNA derivative containing, for example, a nucleotide 

liquid to a large, sue . The amount of liquid dispensed and the analog or a "backbone" bond other than a phosphodiester 
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bond for example, a phosphotnester bond, a phosphorami- proteoglycans), and the like, which can be performed in a 

date bond, a phophorothioate bond, a thioester bond, or a cell or in a reaction in vitro 

peptide bond (peptide nucleic acid). The term "oligonucle- As used herein, a reaction mixture used in an open svstem 

otide" also is used herein essentially synonymously with or method as disclosed herein can have any volume from a 

-polynucleotide," although those in the art will recognize s few picoliters or less to hundreds of liters or more An open 

thai oligonucleotides, for example, PCR primers, generally system or method as disclosed herein is particularly useful 

are less than about fifty to one hundred nucleotides in length. where a volume to be maintained is critical in order for a 

Nucleotide analogs contained in a polynucleotide can be, reaction to occur, and where the volume to be maintained is 
for example, mass modified nucleotides, which allows for not amenable to simple inspection or measurement. As such 
mass differentiation of polynucleotides; nucleotides contain- 10 the disclosed systems and methods generally are useful 
ing a detectable label such as a fluorescent, radioactive, where the reaction volume is about 500 milliliters or less- are 
luminescent or chemiluminescent label, which allows for more useful where the reaction volume is about 5 milliliters 
detection of a polynucleotide; or nucleotides containing a or less; are most useful where the reaction volume is in the 
reactive group such as biotin or a thiol group, which "submiUiliter" range, for example, about 500 microliters, or 
facilitates immobilization of a polynucleotide to a solid is about 50 microliters or about 5 microliters or less; and are 
support. A polynucleotide also can contain one or more particularly useful where the reaction volume is a "submi- 
backbone bonds that are selectively cleavable, for example, croliter" reaction volume, which can be measured in 
chemically, enzymaticaUy or photolytically. For example, a nanoliters, for example, about 500 nanoliters or less, or 50 
polynucleotide can include one or more nanolitersor lessor 10 nanoliters or less, or can be measured 
deoxynbonucleotides, followed by one or more 20 in picoliters, for example, about 500 picoliters or less or 
ribonucleotides, which can be followed by one or more about 50 picoliters or less. For convenience of discussion, 
deoxynbonucleotides, such a sequence being cleavable at the term "submicro liter" is used herein to refer to a reaction 
the ribonucleotide sequence by base hydrolysis. A poly- volume less than bout one microliter, although it will be 
nucleotide also can contain one or more bonds that are readily apparent to those in the art that the systems and 
relatively resistant to cleavage, for example, a chimeric 25 methods disclosed herein are applicable to subnanoliter 
oligonucleotide primer, which can include nucleotides reaction volumes as well. A reaction mixture is contained in 
linked by peptide nucleic acid bonds and at least one or on a target site on a solid support, 
nucleotide at the 3' end, which is linked by a phosphodiester As used herein, the term "solid support" means a non- 
bond, or the like, and is capable of being extended by a gaseous, non-liquid material having a surface. Thus, a solid 
polymerase. Peptide nucleic acid sequences can be prepared 30 support can be a flat surface constructed, for example, of 
using well known methods (see, for example, Weiler el al., glass, silicon, metal, plastic or a composite; or can be in'the 
Nucleic acids Res 25:2792-2799 (1997)). form of a bead such as a silica gel, a controlled pore glass, 

A polynucleotide can be a portion of a larger nucleic acid a magnetic or cellulose bead; or can be a pin, including an 

molecule, for example, a portion of a gene, which can array of pins suitable for combinatorial synthesis or analysis, 

contain a polymorphic region, or a portion of an extragenic 35 As used herein, the term "target site" refers to a specific 

region of a chromosome, for example, a portion of a region locus on a solid support that can contain a liquid. A solid 

of nucleotide repeats such as a short tandem repeal (STR) support contains one or more target sites, which can be 

locus, a variable number of tandem repeats ( VNTR) locus, arranged randomly or in ordered array or other pattern. In 

a microsaielhte locus or a minisatellite locus. A polyoucie- particular, a target site restricts growth of a liquid to the "z" 

otide also can be single stranded or double stranded, 40 direction of an xyz coordinate. Thus, a target site can be, for 

including, for example, a DNA-RNA hybrid, or can be triple example, a well or pit, a pin or bead, or a physical barrier'ihat 

stranded or four stranded. Where the polynucleotide is is positioned on a surface of the solid support, or combina- 

double stranded DNA, it can be in an A, B, L or Z lions thereof such as a beads on a chip, chips in wells, or the 

configuration, and a single polynucleotide can contain com- like. A target site can be physically placed onto the support, 

bmations of such configurations. 45 can be etched on a surface of the support, can be a "tower" 

As used herein, the term "polypeptide," means at least thai remains following etching around a locus, or can be 

two ammo acids, or amino acid derivatives, including mass defined by physico-chemical parameters such as relative 

modified amino acids and amino acid analogs, that are hydrophilicity/hydrophobicity, or any other surface chem- 

hnked by a peptide bond, which can be a modified peptide istry that allows a liquid to grow primarily in the z direction, 

bond. Apolypeptide can be translated from a polynucleotide, 50 A solid support can have a single target site, or can contain 

which can include at least a portion of a coding sequence, or a number of target sites, which can be the same or different, 

a portion of a nucleotide sequence that is not naturally and where the solid support contains more than one target 

translated due, for example, to it being located in a reading site, the target sites can be arranged in anv pattern, including, 

frame other than a coding frame, or it being an intron for example, an array, in which the location of each target 

sequence, a 3' or 5' untranslated sequence, a regulatory 55 site is defined. 

sequence such as a promoter, or the like. A polypeptide also As used herein, the term "predetermined volume" is used 

can be chemically synthesized and can be modified by to mean any desired volume of a liquid. For example, where 

chemical or enzymatic methods following translation or it is desirable to perform a reaction in a 5 microliter volume, 

chemical synthesis. The terms "polypeptide," "peptide" and 5 microliters is the predetermined volume. Similarly, where 
"protein" are used essentially synonymously herein, 60 it is desired to deposit 200 nanoliters at a target site. 200 

although the skilled artisan will recognize that peptides nanoliters is the predetermined volume, 

generally contain fewer than about fifty to ooe hundred As used herein, the term "maintain a volume of a liquid" 

amino acid residues, and that proteins often are obtained refers to a predetermined volume of the liquid and means 

from a natural source and can contain, for example, post- that the volume of the liquid is kept within an acceptable 
translational modifications. A polypeptide can be post- 65 amount of the predetermined volume An acceptable amount 

translationally modified by phosphorylation of a predetermined volume is an amount that is within 80** 

(phosphoproteins), gl ycosylation (glycoproteins. or more of the predetermined volume. generaUv within 
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about 90% or more, and particularly about 95%, or about amount of a liquid can evaporate into the environment, for 

98% or more of the predetermined volume. example, ten percent or more of the total volume, such that 

As use herein, a volume of a liquid at a target site is a substantial change in the effective concentration of reac- 
maintained within a predetermined volume by dispensing an tants would occur if the amount of liquid lost due to 
amount of liquid to the target site. In one embodiment, the 5 evaporation is not replaced by a corresponding amount of 
amount of liquid dispensed to a target site is based on the the liquid dispensed to the volume, 
evaporation rate of the liquid from the target site, such that In a system or method as disclosed herein, the liquid 
the amount of liquid dispensed corresponds to the amount of generally is present on a surface of a solid support, at a target 
liquid lost from the volume due to evaporation. As used site, and the environment into which evaporation can occur 
herein, the term "corresponds," when used in reference to 10 is air. Many liquids and reactants, including biopolymers, 
the amount of liquid being added to the reaction mixture suitable for use in a disclosed system or method are 
('•amount added") and the amount of liquid that evaporates susceptible, for example, to oxidation. Accordingly, an open 
from the reaction mixture ("amount lost"), means that the system as disclosed herein can be placed in a vessel in which 
amount added is, within an acceptable margin of error, equal the environment can be controlled, for example, the envi- 
to the amount lost. An acceptable margin of error is such that is ronment can be gaseous medium such as nitrogen, an inert 
the amount added is within 20% or less of the amount lost, gas such as argon, or other gaseous medium. It should be 
generally within about 10% or less, and particularly about recognized, therefore, that an unsealed environment may be 
5% or less, or about 2% or less of the amount lost. An isolated from the "open air," but nevertheless can be con- 
acceptable margin of error can be determined based, for sidered an "unsealed environment" for purposes of the 
example, on the susceptibility of a reaction to the effective 20 present disclosure provided that a liquid, the volume of 
concentration of one or more reactants in the reaction. In which is to be maintained, is in contact with a gaseous 
another embodiment, the disclosed systems and methods medium, into which the liquid can evaporate. Further in this 
allow a predetermined amount of a liquid to be dispensed to regard, various reactions must be performed under condi- 
a target site, for example, to initiate a reaction, to dilute a tions of low pressure or high pressure, where the rate of 
reaction, or to change the conditions of a reaction. 25 evaporation of a liquid is greater than or less than, 

As used herein, the term "temperature controlling system" respectively, the rate of evaporation of the liquid in open air. 

means a device for regulating the temperature of a solid Ah open system as disclosed herein also can be used for 

support, particularly the temperature of a liquid present at a performing such reactions, as well as reactions that contain 

target site on a surface of the solid support. A temperature evaporation suppressants or agents that alter the freezing 

controlling system useful in an open system as disclosed can 30 point or boiling point of the liquid, particularly such agents 

increase the temperature of a solid support, particularly a that do not affect a reaction, or for performing reactions in 

target site on the support, or decrease the temperature of the the light, which can be any spectrum of light, or in the dark, 

support, as desired. Temperature controlling systems are The disclosed systems and methods provide a means to 

well known and readily available to those in the art, and are maintain a volume of a liquid at a predetermined volume, 

selected, in part, based on the range of temperatures desired, 35 where the volume otherwise would decrease below the 

the physical characteristics of the solid support, and its predetermined volume due to evaporation. An open system 

facility of incorporation into a system as disclosed. A can include a solid support having a target site, which can 

temperature controlling system can be, for example, an contain a volume of liquid; a liquid dispensing system, 

electrically or electromagneticaily regulated beating element which can dispense a liquid to the target site; a temperature 

or heating/cooling element, such as a Peltier element, or a 40 controlling system, which can regulate the temperature of 

system that allows contacting the support with, for example, the solid support; and an interface, which can indicate an 

dry ice, liquid nitrogen, or a bath or stream of water amount of liquid to be dispensed from the liquid dispensing 

maintained at a desired temperature. system. In an open system as disclosed herein, the amount 

As used herein, the term "interface" refers to a system for of liquid dispensed from a liquid dispensing system can 

communicating an amount of liquid to be dispensed to a 45 correspond to an amount of liquid lost by evaporation, or can 

target site to maintain a predetermined volume. As such, an be any predetermined amount of liquid, 

interface provides a means for controlling an amount of The liquid present on a target site can be, for example, a 

liquid dispensed from a liquid dispensing system. An inter- solvent or other component of a reaction mixture. Other 

face can be in communication, either directly or indirectly, components of a reaction mixture can include a substrate, for 

with the target site, with the liquid dispensing system, or 50 example, a cell, a biopolymer or an organic or inorganic 

with both. molecule, and the volume of the reaction can be any desired 

As used herein, the abbreviations for amino acids and volume, particularly a submicroliter volume. An open sys- 

protective groups and other such abbreviations are in accord tem as disclosed herein can be particularly useful for syn- 

with their common usage and, if appropriate, the IUPAC- thesizing biopolymers such as polynucleotides, 

IUB Commission on Biochemical Nomenclature [see, 55 polypeptides, polysaccharides and the like, including for 

(1972) Biochem. 11: 1726]. synthesizing combinatorial libraries of molecules such as 

Systems biopolymers, and for performing biological reactions, or 

Systems are provided for performing a reaction in an chemical reactions using a biopolymer as a substrate, in 

unsealed environment. The disclosed systems and methods submicroliter volumes, without concern that evaporation of 

provide a means of maintaining a volume of a liquid, for 60 a liquid from the reaction mixture will undesirably affect the 

example, a reaction mixture, present in an unsealed envi- reaction, and, additionally, allows for performing such re ac- 

ronment and, therefore, susceptible to loss of volume by tions as single tube reactions. 

evaporation. In general, the environment into which evapo- An open system also can contain a solid support having a 

ration can occur is a volume of a gaseous medium, which target site; a liquid dispensing system, which can dispense a 

can be, but need not be, substantially greater than the volume 65 liquid to the target site; a temperature controlling system, 

of liquid. A relatively large surface of the liquid can be in which regulates the temperature of the solid support; and 

direct contact with the environment, and a substantial means for regulating an amount of liquid dispensed from the 
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imni. d T3 ^ \ 0t regUli,ing aD of ,be Md exposed to the environment, and the time the 

vstem can Kd ESlS " ^ ^ ^"T 8 ^ * al 3 P articular ««»Pe««»rc 2 Site 

sys em can be used, including manual manipulation of the the rate of evaporation of a liquid from the la get site and 

StS&tltt! m0Dit0riD8 !. br0U8h " i0te ' faCe ' C ° mmUD?cate an -ount of Uq d'to be 

IT,?', aU1 ° ma, ' c °on>rol of the liquid dtspensmg system 5 dispensed from the liquid dispensing system to the tareet site 

Imerface support. pensed to a target site can interface with a liquid dispensing 

An interface genera..y is a component of an automated or to ^Z^^^^olZ^^ 

hid , 7, ? PeD T' em f ° r mamUining 3 V0lume of a al a « a predetermined volume (see e g FIG 1) 

ST!, ? 8 u Par,,CUlar • 40 mterface Cao be a Acomputercan directly control the liquid system' 

3 ! ' hat receives ! D P U1 «^vant to the to dispense a desired volume, whiffooSSSTS 

volume of a bqu.d a. a target site and, based on that input, amount of liquid that evaporates from £TK site The 
Provides an mstntctton to .be hquid dispensing system to .5 amount of evaporation wUl depend in part on S mpeVa 

djspeose an amount of hqutd that corresponds to an amount ture of the target site, which can be on the uxfacTrf 

of liquid lost from the target sue. Thus, an interface for microchip present in a holder Z Ys mteerated hS for 

X^ , ^ii > SiSr. , ?, by ? u r dis - exampie ' a peitier eiemem - and a iJSESL'Sus 

pensing system can be, for example, a system for detecting ture of the support and, therefore the liouid at a taroet site 
the level of a memscus, or a computer for receiving input of 20 can be anv temperature, whic c n be adiuld ba«d on 

data from which the volume or level can be calculated. Tnus, input from the 'computer, which is in S wTb the 

the mterface can include a computer programmed with an temperature controlling system Based o^the emneT ture of 

appropriate algorithm orsoftware for calculating such level. the microchip, the computed , Sa, «te or amoun 

Input relevant to the volume of a liquid a. a targe, site can of evaporation and signal the nanoSr dispensinn system 

be obtained directly, for example, by delecting a decrease in 25 accordingly nanouter oispensing system 

the level of a meniscus of the liquid or the level of a drop of A temperature sensing device such as a thermistor oro- 

h liquid below a predetermined po.nl. As disclosed herein, duces a signal that indicates the temperature of he 

a liquid on a target site can be, for example, in a weU or for example, a microchip support (see FIG 1) TTie supC 

cylinder In such a case, wherein the hquid is physically temperature signal can be provided^ .he computer dS 

addZ a > y -„T a , me r US ! 0nnS " the Uquid - 10 30 or '* ough ,hc temperanire^nSoing Ty^l^Zt, 

IS' ' hq "' d CaDbe P' aced . as » *°P °° tbe ^ «.<., temperature of .be support, programming in the computer 

wherein the liquid is constrained, for example, by the determines the amount or rate of evaporation and therefore 

physico-chem.ca characterisucs of the target site. In either a volume of liquid that can be dispel to the Jrie si e m 

Z % J ,t °. ^ U f L d Can be m ° nit0red by deWCtiD S a maintain lbe volu ™ of the liquid a, a preaetermtaed level 
decrease ,n the level of the meniscus or. the drop of liquid. 35 The computer can provide the temperamre con^olunJ svs- 

beleSTf W 3 f bel °, W , a P fedetermined P° iDt ca ° vvitb a signal .ha. indicates the fempe»m«TwiK 

fn tTl t eXam ^ Ple • ^ mClUding tbe ,iquid iD 3 Circuil - SU PP°" wU1 be sel - U P°° reiving .he temperature Siting 

tZnJ SyS em ' h wbea ,he meD1SCUS faUs Mow a P rede - ^ <e*perature controlling system produceTa £5 

termmed point, which is the point required for the circuit to element control signal, which direct the Peltier ekmen to 

t27 ' 3 ^ m ^ e CircUit iS de ' eCted 1116 40 ^just .he supportTo the indicated lemperarure 

interface upon receiving such mpm, can indicate that a An interface need not be directly connected to or control 

volume of liquid is to be dispensed to the target site by the the hquid dispensing sys.emZ. S b conneld inlteTd 

SSSSST^fT 1 ? " C H rCUit " reestablisbed - at to a ilay, which indicates '.be antounT of IJSlSS 

which time dispensmg of the hquid is terminated. Such a be dispensed to maintain the volume of the liquid ai a 

uir * TJ* ri™?? ^ 3 mkr0Chip 45 P^determined volume. An individud then ca^ mampu . 

elecfronic photolithography and micro: .be hquid dispensmg system. In addi.ion, .he interfaced 

c- i .' u t_ i * 'j no« be directly connected to the sohd support, bu. can be 

cJ oTS nlZZVnf f ,°? the K alge ' Si,C b f " mCDiS - CODOeC,ed iDSlead ,0 ,he '""peramre controlling svstem and, 
cus or is m the form of a droplet sucb input can be obtained based on the setting of the temperature controlling svstem 
by detecting a change in the diffraction, transmission or 50 the chemical and physical nature of the solid support, and 
absorbance °f photons as the volume of liquid decreases the lime the temperature is applied to the support cao 
below a level defined by the positions of an appropriate light determine the temperature of the solid support and 
■source and detector. A system using fiber optics can be therefore, the amount of hquid to be dispensed to the target' 
useful for monitoring the level of a hquid on a target site site. The interface then can display the amount of liquid to 
and, conveniently, can be included in a detection system, if 55 be dispensed such that an individual can manipulate the 
desired, to monitor the extent of a reaction. As well as the hquid dispensing system, or can transmit the information to 
direct methods exemplified above, input relevant to the the liquid dispensing system, therebv automatically control- 
volume of a liquid at a target site also can be obtained ling the system. 

indirectly for example, using an algorithm that determines An open system, as disclosed herein, also can contain 
LI 3 !,, ^'T mi ° n fr ° m tbe . ,arget si,e based 00 the 60 means for containing a volume of a hquid; means for 

hT^ J ^ SU u PPCm C0DtaiDln S lbe ,ar S el sile ' ^e time dispensing a hquid; means for controlling the temperature of 

of .he hoTd 6 mamtamed, and the vapor pressure ihe reaction volume containing means; and means for regu- 

A cftlnt., , :.k latiDS aD amount °f "q«id dispensed from the liquid dis- 

exam^T' hP 7 * W ro P™\ and outputs, for pensing means. A means for regulating an amount of hquid 

3' T I ^ m0m,0r ,em P era,ure of the ^ " ^Pe^d «m include an interface, for example, a computer 

evamn ,h h 7 """"r piT2 ™ leTS - includin S. programmed with software for calculating ihe appropriate 

example, the chemical nature of the liquid, the surface area rate or amount. A computer can interface, for example with 
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.he solid support, thereby monitoring the temperature of the on a surf,,, „f . ,r 

support, and can indicate an amount of liquid to be dis Z , J , I K °°, Wafer a Photolithographic 

pensed to a target site to maintatn a predetermfnS volume' SoSft ^ * * ^ C """' 

ot the hquid. The computer can display the amount of liquid 2JS f ( 6 } ' Pho,olllho g ra P b y a "0ws the con- 

to be dispensed and an operator can manipu.ate he uqud < d foi examK IT ^ includin S w * °r towers, 

d,spensing system such that the amount of liquid is 1 , haS beeD USed ln ^mbination with we. 

dispensed, or the computer can further interface with the 8 . ^ COnSlnlC, " picoliler Wals " on 

liquid dispenstng system, thereby cauLg ,h TamTunt of f ( * V OT£M7EOT 28:20-25 (1998)). 

liquid to be dispensed. * 8 m ° UW ° f ^support also can be a glass or sihcon surface con.aimng 

Solid Supports weUs bavm 8 a ve 0" ,hiD °ase that is transparent to elec.ro- 

A solid support useful in an open system for maintains '° [XL^'™ -°- ' *** waveleo S lb - su < b » ' a *' 

a volume of a liquid a. a predetermined vol! « Tb! as vo.umf o ^ rmmmg measurement of P««W such 

constructed of any material having a surface, which can b me^™ eXC " a ' 10n WaVdeng,b f ° r flU ° reSC£nCe 

flat or geometrically altered, for example, lo include wells a ,Z T, •'. , 

The solid support is any known to. hose of*3to£« as „ „.™ 8 * defi " ed "* PMco-cbemical 

matrix for performing synthetic reac.ions and a^ s I ca £ oSf h bydr0pbilici '* "^ophob.ci.y, the pres. 

be fabricated from silicon, glass, siucon^oateTmLriaL Z h h ba » Ws, groups capable of forming a 

me.al, a composi.e, a polymeric materia Si"" ls £ 1 " f^l s " rfa « cbem ^ *« allows a liquid to 

apolymer-graf.edma.erial,suchasame.al.graf.rdpoC SSK t^^^'^'^ 

or o.her ma.erial as disclosed herein This material cube «. • * P ° D 3 ' arget S " e ,s waler or an 

further functionalized, as necess^y "o example " £Sd£ blTh h* ^ b * 1 area 

chemically, to enhance or.permi. linkage of molecul* or uZi n, h bydr0phob ; c area on tbe s «rf a « of a solid 

cher particles, such as cells or cell membrane or vira hvZlh y 3 ° f f0WS> ltemMe, > r bavin S >« s 

envelopes or other such biological maleriTk ofutteres. b y dro P h ob'c rows and more hydrophobic rows, wherebv .he 

surface of a support can be LiSSS2SS£ * Z?* ^ * '° lbe leSS h y dr °P hobic 

grafting of a suitable polymer on the SeT 2 £S E^T" '° *? ' SiW * ^ aqUe ° US S ° luli ° n 

za,ion .hereof to render it suitable for binding capturing a colSf^" P > T area - a °° is 

molecule or particle, such as a cell. The support mav abo Zl I ^f^ 8 &Qm ' he Urge ' sile due ,0 the 

inciude beads linked .here.o (see, copendKI, wed ut S f S 7° Undmg , b y dro P b ° b i= a ™ Conversely, 

application Set. No. 08/746,03p, iSstS » £™hnhV U * T" ' ""^ * * diSpeDSed 00,0 a 

Ser. No. 08/933,792, and International appfication No PCT/ St? hob c k re 8 lon and 15 drained ta that region due (0 

US97/20194,whichclaimspriori, Mo heU Sa'JoS vdlh 'h ^r^' regi0n ° f a fegion or lhal is less 

I. may also include dendrite trees of capoS ^ material or S H ha ' u eg '° D '° Wbicb lbe b( l uid 15 a PP lied ' 

combina.ions of such additional comp^Asohd to Asobdsu PP°"oan have asingle target site, or can coq.am 

por. can have one or more tame, °3KS ^of whSh^n" « 'TJS ° f ^ S ' leS ' f ° r eXam P le ' 2 sites . 10 si'«, 16 

contain or retain a volume oi U liquid " 35 SIteS • 100 ™ ^ 384 sites ' 1000 sit ». °r more, all 

By way of example, a solid support' can be a flat surface l^VA ™ * ,be Same ° r CaD be different - Wbere 

such as a glass fiber filter, a glass sSe a sUiinor^S &2L ^ lbaD 0De target site and - 

dioxide surface, a composite surface or a metal su £ tbe «f°'e, can contatn, for example, more than one reaction 

including a steel, gold, silve^ alummum or co^ u « ao TZC , Cb >T™ [ « lbal define ««= b target site serve 

a plastic ma.erial, including polyene X <ZkZ' Zr^ r f T ' reaC "° n bm ak ° 10 P revenl 

polyamideorpolyvmyhden^iLride S on S 8 ,° , TeiCtl ° n ""'^ or other liquids 

in .he form of mul.iwell plate or a membrane c2ta fa ,hl ^^PP 0 "- ^d.t.on, where a solid suppon contains 

form of a bead (or othef geome ry) oTnankle ^ « haD 0ne , l " &a Si ' C ' tbe ,argel si,es can be a " an S^ 

silica gel, a controlled nore TJ/ „ S pa " ern ' for exam P ie : » a a spiral, concentric 

bead, which can be in apit of a to surf ce s uch " J £ SjIT 5 ' r" 'l 3 " 3 ' ° f r ° WS r and C °' UmnS ' Furtbermore - 

for example, a silicon wafer- or can be a nin ind,!^ !n " ° f u aCb i ar§el S,te of a number of tar 8 el s "« on 

array of ptartul* fcr«oa«^^ffiSSK 2E2 "* ^"rH 7 " 8 ° f SUCh addreSS - 

(see. e.g.. International PCT application No W098^19) 0 S^H * 50 » iT" a "° WS nUhiple reaC,10nS 

comb, microclup. The skilled artisan wQl recogruT hat * for Tf^ ' S C ° DVenient ' for eXamplc ' 

various factors, including the size and shaoe afth™^ P erf o™.">g multiplex reactions, for including con.rol 

and the chemical and pas cal sTalSofTheltS ^ reaC,i ° DS acb lbal dl are p" rformed 

conditions to which U^e^StSElt ^ C0Ddili0DS • f ° f performing a sirailar reacIioD 

selecting a panicu.ar I h^SSS 2? ^ " f ° f diffe ™ reac " 

system or method. .. .... . r 

AsoHdsupportcontainsoneormoretargetsites which A^Tlt R "* m '° ^ Supp0 " 
can contain a volume of a liquid A taroel »it, r^'Z T k u ■ f lber com P° nenl of a react.on mixture can 

exam ple , a well, pit. channe^o! 1 on K2? S.'STr ""'^ 10 a large ' site 

without rims, on .he surface of a solid sunnor.^n 171 nin . PP T' y Covalem interactl o Q °r a noncovalen. 

bead or o.her material, which can^ nosS ^ T' tKtl ° D lhi " 15 SUble 10 lbe panicular C0Ddili °'S of the 

of a solid support, o can ^ be phvS air Iht" a !, d 1 eSlfed - A biopol y mer ' for exam P le - ca " <* 

cylinder, concur other such .biSStaSiTini S2 fS ■' ^ ° f for 

of a solid support example, by immobilization to a spacer molecule, which is 

A large, site also can be for examnl, , immobilized lo .he suppon. Furthermore, a spacer molecule 

reaction chamber which is attacte to atiiH T " Can ^ a P^ of ^ Copolymer to be immobihzed, or can be 

for example. W tef . a Zl del 70 sfv ft tbal direCll " V ° r M " al ? biflds tbe 
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tary probe or primer sequence, which can hybridize to a 
polynucleotide biopolymer. 

Immobilization of a biopolymer can be mediated by a 
specific binding reaction, for example, by hybridization of a 
first nucleic acid molecule to a sufficiently complementary 5 
second nucleic acid, one of which is immobilized to the 
support. Similarly, immobilization can be through a first 
protein to a second protein, one of which is immobilized to 
the support, for example, an antibody and a polypeptide, 
which can be expressed on the surface of a cell, having an 10 
epitope recognized by the antibody; or an enzyme and its 
substrate; or any pair of proteins capable of homodimer or 
heterodimer formation. In addition, immobilization can be 
between a nucleic acid binding protein and a polynucleotide 
containing the sequence recognized by the binding protein 15 

A crosslinking agent also can be used to immobilize a 
substrate or other component of a reaction mixture to a solid 
support, through a reversible or irreversible linkage. A useful 
crosslinking agent can be any agent, including a homo- 
bifunctional or he tero-bi functional agent, that is capable of 20 
reacting with a functional group present on a surface of the 
insoluble support and with a functional group present in the 
substrate or other component to be immobilized to the 
support. Useful Afunctional cross-linking agents include 
N-succinimidyl (4-iodacetyl) aminobenzoate (S1AB), 25 
dimaleimide, dithio-bis-nitrobenzoic acid (DTNB) 
N-succinimidyl-S-acetyl-thioacetate (SATA)' 
N-succiniraidyl-3-(2-pyridyidithiol propionate (SPDP),suc- 
onimidyl 4-(N-maleimidometbyl) cyclohexane-1- 
carboxylate (SMCC) and 6-hydrazinonicotimide (HYNIC) 30 
(see, also,, Wong "Chemistry of Protein Conjugation and 
Cross-Linking," (CRC Press 1991); Hermanson, "Biocon- 
jugate Techniques" (Academic Press 1995)). 

Immobilization of a substrate or other component of a 
reaction to a solid support can be particularly useful where 3s 
the crosslink is mediated by a selectively cleavable linker, 
which can be cleaved under defined conditions. A 
biopolymer, for example, can be directly linked to a solid 
support via a reversible or irreversible bond between an 
appropriate functionality (L) on the biopolymer and an 40 
appropriate functionality (L) on the solid support, or on a 
molecule linked thereto, for example, a spacer molecule 
Selectively cleavable linkers include photocleavable linkers 
and chemically cleavable linkers (see, e.g., International 
PCT application No. WO98/20019), and enzymatically 4< 
cleavable linkers such as a polynucleotide sequence con- 
taining a particular restriction endonuclease site or a RNase 
digestion site or a polypeptide sequence containing a par- 
ticular peptidase site. 

Photocleavable linkers, which are cleaved upon exposure so 
to light (Goldmacher et al., Bioconj. Chem. 3:104-107 
(1992)), include a nitrobenzyl group as a photocleavable 
protective group for cysteine (Hazum et al., in Pept. Proc 
Eur. Pept. Symp., 16th (ed. K. Brunfeldt, 1981), pages 
10>-110); water soluble photocleavable copolymers, includ- « 
mg hydroxypropylmetbacrylamide copolymer, glycine 
copolymer, fluorescein copolymer and me thylr hod amine 
copolymer (Yen et iY,MakromoL Chem 190:69-82 (1989)); 
a cross-linker and reagent that undergoes pbotolytic degra- 
dation upon exposure to near U V light (350 nm; Goldmacher bO 
et ah, Bioconj. Chem. 3:104-107 (1992); nitrobenzyloxv- 
carbonyl chlonde cross-linking agents (Senter et al Ph'o- 
lochem. Phoiobiol 42:231-237 (1985); and 3-amino-P- 
nitrophenyl) propionic acid (Brown et al., Molecular 
Dwrsuy P"$es 4-12 (1995); Rothschild et al., Nucl. Acids 6< 
Res, 24:361-66 (1996)). A photocleavable bond such as a " 
charge transter complex or a labile bond formed between 
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relatively stable organic radicals can be useful, for example 
where the sample is to be examined by mass spectrometry 
A linkage also can be formed with L' being a quaternary 
ammonium group. Where the sample is to be examined by 
mass spectrometry, the surface of the solid support also can 
carry a negative charge, which can repel, for example a 
negatively charged nucleic acid backbone and facilitate 
desorption of a polynucleotide to be detected. Desorption 
can occur either by the heat created bv the laser pulse or 
depending on L', by specific absorption of laser energy' 
which is in resonance with the L' chromophore. 

The L-L' chemistry can be a type of disulfide bond, which 
is chemically cleavable using mercaptoethanol or dithio- 
erythrol; a biolin/streptavidin system; a heterobirunctional 
derivative of a trityl ether group that can be cleaved under 
mildly acidic conditions as well as under conditions of mass 
spectrometry (Koster et al., Tetrahed. Lett. 31:7095 (1990))- 
a levulinyl group cleavable under almost neutral conditions 
with a hydrazinium/acetate buffer; an arginine-arginine or 
lysine-lysine bond, which is cleavable by an endopeptidase 
enzyme such as trypsin; a pyrophosphate bond, which is 
cleavable by a pyrophosphatase; or a ribonucleotide bond in 
an oligodeoxynucleotide sequence, which can be cleaved bv 
a nbonuclease or alkali. In addition to acid-labile trityl 
linkers, acid cleavable linkers include bis- 
maleimideothoxypropane; adipic acid dihydrazide linkers 
(Fattom et al., Infect. Immun. 60:584-589 (1992)); and acid 
labile transferrin conjugates that contain a sufficient portion 
of transferrin to permit entry into the intracellular transferrin 
cycling pathway (see, for example, Welh6ner et al , J Biol 
Chem. 266:4309-4314 (1991)). 

The L and L" functionalities also can form a charge 
transfer complex and thereby form a temporary L-L' link- 
age; a charge-transfer "band" can be determined bv UV/vis 
spectrometry (R. Foster, "Organic Charge Transfer Com- 
plexes" (Academic Press 1969)), and the laser energy can be 
tuned to the corresponding energy of the charge-transfer 
wavelength so as to effect specific desorption of a sample for 
a solid support. A reversible L-' linkage also can be gener- 
ated by homolyticaUy forming relatively stable radicals 
which, under the influence of a laser pulse, for example] 
during mass spectrometry, desorption and ionization occurs 
at the radical position. Those skilled in the art will recognize 
that other organic radicals can be selected and that, in 
relation to the dissociation energies needed to homolyticaUy 
cleave the bond between them, a corresponding laser wave- 
length can be selected (C. Wentrup, "Reactive Molecules" 
(John Wiley & Sons 1984)). 

Thiol-reactive functional groups are particularly useful 
for immobilizing a biopolymer to a solid support. Thiol- 
reactive functional groups react with a nucleophilic thiol 
moiety to produce a covalent bond, for example, a disulfide 
bond or thioether bond. In general, thiol groups are good 
nucleophiles, and preferred thiol-reactive functional groups 
are reactive electrophiles. Thiol-reactive functional groups 
are known in the art and include, for example, haloacetvls 
such as iodoacetyl; diazoketones; epoxy ketones; a,'p- 
unsaturated carbonyls such as a,P-enones; and other reac- 
tive Michael acceptors, including maleimide, acid halides 
benzyl halides, and the like. 

A free thiol group present on a polypeptide or incorpo- 
rated into a polynucleotide can react with a free thiol group 
such as an iodoacetyl. modified surface (or other thiol- 
reactive surface functionality) of the support through disul- 
fide bond formation, thereby immobilizing the biopolymer 
to the support. In addition to being reversible, for example, 
by exposing the bond to reducing conditions, thiol reactive 
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JS^SSS Z&£ be - to - a ° d - • -PPon and, therefore, 

appropriate protecting group (Greene and Wuts in 'Tri " 7 '°?, m ' XIUre SUCb a S a PCR reac,ion loca,ed at a 

live Groups in Oreanic Synthesis" 7oH .a ^uSTT Slle . oa lhe . su PP ort - Thermoelectric modules are commer- 

Sons 1991)). y (John Wiley & ^ cjaUy available (Melcor, Trenton NJ.; Americool, Nashua 

A polynucleotide can be modified at the 3'-terminus nr * a „ 

using, for example, tris^2<arboxyemyl)phosp^hL (TCEM «„ t ,„ ™ ! tem P era,ure homogeneity of 

a. a concentration of about 1 mM TmmJ^t 3^" , 30 ^ ° f reaChing 9 °° C; ""P* a 

threitol in a concentra on of about TmM S5' T ^'T' Electronic, Inc., 

M:»TTAwi23 » ™ — K 

ume U o^ .An electronic tem^aturecontrolfing system also can be 

Use of TCE provides an 5S EK SH^S K^ff^ 

•n. ,, r „« „ , ^ , ^ siie ,. , ^"Sis-jjzsr^-LK 

. a. » to be used for performing biological reactions or 50 (Anal. Chem. 68:4081-4086 (1996)) AtacSKJ' 

™ ™ DS T^ 1 ™**"* ""toiUs. since me reaction in direct contact with a targe site, «32 

ieL 10 8 reaClaDlSCan maiD,ained aI a low volu ™ « «ch target si.e'in an arrav on a solid up "n 

temperarure prior to imt.at.ng the reaction, then can be therebv allowing precise monitor™ of the tem«r3of 

performing the deseed reaction. 5 5 couples can be incorporated into an algorithm that allows a 

A thermoelectnc module can be particularly useful as a calculation of the evaporat o r e oNil om ach 
t mperature controlling system in an open system as dis- reaction mixture in an mv and hro g the aZoriat 

m htrS^S T P H UtiliZinS h tbe ^ effeCt * MCb UrSel Site Ihal 10 amount P a e" p ! 

eaTa canSd I^^TT^ °° fr ° m a reaCtioD mi ™ re Suc ° a <™<* for monitoring 

.hemoel ctS ™h T * ^ SUPP °"- A Smgle ,he Iem P erature °f • ™mber of reaction volumes sunul.a 

modu es can be In „ k , ' S6Veral S " Cb may ^ {omtd at differeDI sil « » "rrav. or 

difference of unTl^ ?? ZT '° ' ' emperall !: e beCaU$e lhe " te ° f healmg 0r coolm * of differenl ™»°" 
aincrence.ol up to 131 C. Furthermore, by reversing the „5 mixtures on a solid support are not identical due for 

m "can bl rev^"^ "? dbeCli °" bea ' iS » inh ^«ftL in the sup fn or I d ffa 

mov ed .an be reversed. Thus, the thermoelectnc module can concentrations of reagents in a mixture 
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The temperature generaied by ihe temperature controlling 
system and, therefore, the temperature of the solid support, 
also can be determined based on the particular setting of the 
temperaiure controlling system, the physical nature of the 
solid support, and the time the temperature is applied to the 
support. Such temperatures, can be calculated based on 
known parameters, or can be determined empirically by 
healing or cooling a support for incremental periods of time, 
at incremental temperatures, and measuring the temperature 
of the support accordingly. 

Liquid Dispensing/Removing Systems 
Dispensing 

A liquid dispensing system can be an active apparatus, 
which can be a mechanical, electrical, pressure or pneumatic 
driven liquid dispensing system, for example, a piezo elec- 
tric pipette driven by mechanical pressure; or can be a 
passive apparatus, which contains a reservoir. In addition, a 
liquid dispensing system can contain a heating element, for 
example, raicroresis tors, which provides the ability to main- 
. tain a liquid in the system at a desired temperature, for 
example, at or near a reaction temperature. 

A liquid dispensing system can include a single fluid 
transmitting vesicle or multiple vesicles, which can be 
manipulated independently or together in parallel. A fluid 
transmitting vesicle can be a solid vesicle, to which the 
liquid can adsorb and be transferred, or can have a bore, 
through which the liquid is transferred. Thus, a fluid trans- 
mitting vesicle can be a pipet, particularly a micropipet, 
which contains a chamber for holding or transferring the 
liquid and an end from which the liquid can be dispensed to 
a target site; a pin tool, which can have a bore, or can be solid 
vesicle, which, when dipped into a chamber holding a liquid, 
adsorbs a volume of the liquid, which then can be transferred 
to a target site; or a liquid sonicating, vaporizing or ink jet 
device, which contains a chamber for holding the liquid, and 
an end from which the liquid is dispensed in droplets, the 
volume and rate of dispensing of which can be adjusted as 
desired. A fluid transmitting vesicle can be formed of a 
metal, composite, glass, silica, or polymeric material, or any 
other suitable material. A nanoliter liquid dispensing system 
such as a nanoliter pipet can be particularly useful in a 
system as disclosed. Nanoliter dispensing systems are 
provided, for example, in copending allowed U.S. applica- 
tion Ser. No. 08/787,639, U.S. application Ser. No. 08/786, 
988, and International PCT application No. WO 98/20166, 
which claims priority to the U.S. applications. 

A liquid dispensing system can be part of a liquid han- 
dling system, which can contain, in addition to the liquid 
dispensing system, a chamber for holding a liquid to be 
dispensed. Such a chamber can be used to directly provide 
the liquid dispensing system with the appropriate liquid to 
be dispensed, or can be connected to the liquid dispensing 
system by a conduit, which mediates transfer of the liquid 
trom the holding chamber to the dispensing system. A 
conduit can be any suitable conduit, for example, plastic or 
stainless steel tubing, and can be particularly useful if it can 
be sterilized without impairing its function. Where it is 
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dispensing system, for example, from a pin having a bore, 
without a need to change the position of the liquid dispens- 
ing system with respect to the target site. Such a system is 
particularly convenient where the fluid transmitting vesicle, 
for example, a pin tool, has n array of fluid transmitting 
vesicles, which are positioned with respect to a correspond- 
ing array of target sites on a solid support. 

A liquid dispensing system allows an amount of liquid, 
preferably a controlled amount, to be dispensed to a target 
site. The liquid can be dispensed as a continuous stream, or 
as droplets, which can be dispensed continuously or in a 
burst mode. The amount of liquid dispensed can be any 
amount, as desired, including a submicroliter amount or less, 
and can be dispensed for the purpose of maintaining a liquid 
at a predetermined volume, or for initiating, terminating or 
changing the conditions of a reaction at the target site. 

A liquid dispensing system can dispense one or more 
liquids to a single target site, or can dispense one or more 
liquids serially or in parallel to multiple target sites, which 
can be in an array. A liquid dispensing system useful for 
dispensing a predetermined amount of a liquid in parallel 
can include, for example, an assembly of liquid transmitting 
systems such as pins, each of which can have a narrow 
interior chamber suitable for holding a volume of the liquid 
to be dispensed (see, for example, International PCT appli- 
cation No. WO98/20166). The pins can be fit inside a 
housing, which can have an interior chamber connected, for 
example, to a pressure source that regulates the flow of 
liquid through a pin, thereby allowing controlled dispensing 
of a predetermined volume of the liquid. Alternatively, the 
liquid dispensing system can include a jet assembly and a 
transducer element mounted to a pin, and can dispense an 
amount of liquid to a target site by spraying the liquid from 
the pin, or by allowing a drop of the liquid to form on the 
tip of the pin, where it can be contacted to the target site and 
dispensed. 

A liquid dispensing system can include a single chamber 
for holding a liquid and, therefore, allow a single liquid to 
be dispensed, or can contain several chambers, each of 
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connection with the fluid transmitting vesicle. As such, a 
liquid dispensing system can include a selection element 
having, for example, a pressure source or a piezoelectric 
element coupled to a liquid holding chamber and in com- 
munication with the fluid dispensing vesicle such that, at a 
selected pressure condition or a selected voltage, a particular 
liquid is dispensed at a predetermined amount. Such a 
selection element conveniently can be interfaced with and 
controlled by a computer algorithm, which can be monitor- 
ing a rate of evaporation of a liquid from a target site, and 
can allow one or more liquids to be dispensed to a target site, 
or serially or in parallel to a plurality of target sites. In 
addition, a liquid dispensing system can dispense a liquid at 
any desired temperature, particularly the temperature at 
which a reaction is performed, or a temperature such as 
about 4° C, which, for example, can suspend a biological 
reac tion. A nanoliter dispensing device, such as the NANO- 
PLOTTER NPlc (sold by GeSim; Dresden Germany) is an 
example of a liquid dispensing system that can be incorpo- 



lemperature, the liquid dispensing system, as discussed 
above, or a component of a liquid handling system can be 
maintained at the particular temperature such that the liquid 
is dispensed at the desired temperature. An advantage of a 
liquid handling system is that it can contain more than one 
holding chamber and, therefore, can conveniently allow 
more than one liquid to be dispensed from a single liquid 



2). The Nano-Plotter is a modular device that can be 
combined in a variety of ways depending upon the intended 
application. It is designed to spot microdroplets arrays onto 
flat substrates or microwell plates. The device as sold 
contains from one to eight micropipettes. For use herein, the 
device can be modified by including heating cooling ele- 
ments or healing means to beat the reservoir or the micropi- 
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and International PCT application No. WO 98/20166, which and the time during which liquid can bl f lost Ehet 
claims priority to the U.S. applications, which describe Parameters will be known or are determinable for a oarticu- 
nanohter dispensing devices and systems), 10 Ur set of conditions, lables can be constnicted for predicting 
The liquid dispensing system can dispense a liquid, which aD amounl of a P articuIar that will be lost in a period 
generally is reagent grade or better, or can dispense a of lune from a voIumc of me liquid applied to a 
solution containing the liquid. For example, in one aspect P 8 ""* 1 " lar get site at a known temperature. Accordingly 
the methods as disclosed provide diagnostic assays the for P ur P oses of present disclosure, such a table is 
results of which can be analyzed using, for example, mass 15 C0DSldere d a signal transmitting system because an 
spectrometry, capillary electrophoresis, a charge coupled mdlvldual > monitoring the temperature and time of a par- 
device or a fiber optic system. Where a method such as tlCular rcactl0a » can manipulate the liquid dispensing system 
MALDI-TOF mass spectrometry is used to analyze a com- 10 dls P ense an amount of liquid as indicated by the table, 
ponent of a reaction, the sample to be analyzed is mixed with For semi-automatic or automatic regulation of the liquid 
an appropriate matrix material (see, for example, U.S. Pat 20 prising system, the signal transmitting svstem can be a 
Sq^ r ; Internali0Dal PCT application No. W096/ conventional digital data processing system, for example an 
-V431; International PCT application No. WO98/20019). As IBM PC c °mpatible computer system, an Apple computer or 
such, a liquid dispensing system can be used to dispense a a UN1X based system, that is suitable for processing data 
matrix solution to a target site, prior to subjecting the sample and for exe cuting program instructions that will provide 
ai the target site to mass spectrometry. 25 ^formation that can be communicated to the liquid dispens- 
Liquid Removing mg system. Such a signal transmitting system can be any 
An open system as disclosed herein also can include a r Pt °^ syste t m suitable for Processing a program of instruc- 
device for removing a liquid, which can be a reaction L° DS ° J pcrate the Uquid d »P"s«* system, although 
mixture, from a target site and transferring it to another lbc need Dot necessarily be programmable andean be 
target site or to a chamber for disposal Such a device 30 ' GOm P mer having a firmware memory for 
provides a convenient means to terminate a reaction change Si0nDg mstn,ctl0ns relevant 10 regulating the liquid dispens- 
the reaction conditions, wash a sample, or the like mg A System ' 

Accordingly, in an embodiment, the liquid dispensing sys- f SlgI ? transmmm S svstem can monil or the temperature 

tem also can function to remove a liquid from a target site 2 SUpP ° rt conlamin S a target site directly, for 
The liquid dispensing system, or independent device can 35 CX?mple ' by 1Q terfacing with a temperature sensing device, 

remove a liquid from a target site by contacting the fluid ° f mdirectly ' for exam ple, based on the setting of the 

transmitting vesicle to the liquid to be removed and for l * m P eralure controlling device and information relating to 

example, allowing capillary action to draw the liquid into the a? cbemi( : aI and P hvsical nature of the solid support, 

vesicle or applying a negative pressure to the vesicle The ^ ternallveIv > or m addition, the signal transmitting system 
removed liquid can be transferred to another location which 40 ^ , ,n ! erfaced mlh lhe Iic ? uid dispensing system. For 

can be another target site or a chamber for disposal and the exam P le > for semi-automatic operation, the signal transmit- 

fluid transmitting vesicle can be washed, if desired and UD§ SyStCm Can be inlerfaced with either the liquid dispens- 

positioned for further use. A device for removing a liquid SySlem ° f tbe lem P eraturc controlling system, and the 

from a target site also can be a device that facilitates com P onent of lhe system that is not interfaced with the 
evaporation of the liquid from the target site for example a 45 SI §° a f J lra | lsm,mn g system can be operated manually by an 

fan or other device for passing a stream of air or other eas md,vld ^ aJ - More conveniently, however, the temperature 

over the liquid. 6 controlling system and the liquid dispensing system are 

Regulation of Liquid Dispensing System '^^ISSS^^**"** 

^iZt^Z ? Sir t » w * *? i r ° *<> can icerface direCy 

amount of liquid dispensed can correspond o fn amoun, „f ^ T' M ° g d " eC,ly wilb tbe ^ For 

liquid los. due to cv^c^^Z ^ZZ^ ^ * ?' SMl lraDsminin S system can include a circuit 

of liquid, including a reaSn mLrVor a « mion * ' ""^ lbe M '* b ? a wel1 » 

taining component! of a Tbe Hduid dis" S t* UP °° T° g 1 ^ kl ° SUCh a Wel1 ' lhe 
pensing svstem can be regulaJmanuX oVcan be ret' * SK 'T^ ^ ^ l ° pa " icular ' ,be volume of 

lated semi-automatically or au«cally baid X SE?,"*^ * tbe dfCuit b indieative of ,he 

example, on instructions from «ZS Z £ TZS™^ 01 ™' ^ i$ *° be "»«««■»«•• " 

transmitting system, which can *S£* ktrSfl ^ Accordmgly, where evaporauon of tbe liquid occurs to the 

perature controlling s tem (or a ~ t * Z ^ level of ,he ^ dec '"** "elow the level 

device), with the hquid dkpeLg 2 0 1 " JSTf - to .."»^ » ^cation is provided 

temperature controlL svstem for J" 3 bqU ' d 15 '° te dis P eDsed 10 ,he ,ar S et site - Upon 

devL) and the liqu 5 dVpensmg vs. T ' ^ ^ ' ^ ° f ,he ^ ' SUcb tbal tbe 

A signal transmittmg Lem cant' anv svstem that S ' reeS,abbShed ' ^ & ° f ^ " l ^ 

'^rlT^ZT/,^ 55 A ^n^. 'ransmitting svstem also can include a 

an amount of liquid to fern ,, « S '° mlCr0ba ' anC<: - wbicb «» minute changes in the 

liquid tost trom a targe, site due to evaporauon, weigh of a support due to evaporation of a liqufd from the 
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surface of the support In addition, a signal transmitting identifying the presence of a label attached to the material 
system can include a l.gh. source, which can be of any Since the disclosed systems and method? « paSrly 

soTc? rfi ^b^ H P r Pna ' e f ° r ,be "f" USCful f0r inning reactions in small volume l £ S- 

source The light can be prov,ded lo a target site, for larly submicroliter volumes, the material to be detected 

example, using a fiber opttc, and the amount of diffraction of 5 generally is present in only a very smaU amou nt 

the .ght or the transm.ss.on or absorption of photons can be Accordingly, the detection sys.e'm is sel c.ed m pa , on s 

monnored. A change in the amount of such a parameter can sensitivity for detecting the material 

indicate similarly to the circuit system discussed above, that A detection svstem can be a photometric or spectronho 

the level of the liquid has decreased below a predetermined t0 metric system, which can deK*. S o 

va ue. or. as dtscussedbetow that an undesirable amount of ,„ mfrared ncludin a^oT^ctenSSii 

evaporatton has occurred. Such information then can be cence; a radiation detection svstem; a sp^ro^op c svstem 

communicated such that an amount of liquid is dispensed to such as nuclear magnetic resonance ^£Sy m« 

the targe, sue that corresponds to the amount that has spectrometry or surface enhanced R ma *SLr71 

rpTdetefmLeT e y veT in,aiD1DS ** V °' Ume ° f "** " chu "» C ° Up ' ed devke; a ^ sucb " S 

, . . " is electrophoresis or gel exclusion chromatography; or other 

A spectrophotometric detector system, for example, can detection system known in the art, or combinations thereof 

ndSninLT' i. C3D / beliun, -, ar S 0D laset - a A mass spectrometry detection system can be useful in an 

!2Tn" m r m 30 ullra : ,ole , , . la l ser ' or a laser lhat e ™« open system as disclosed because it can detect the presence 

green or blue hght, or can be a light emitting diode (LED), of very small amounts of a material, for example a 

mSZnilS? ° f \Tl LED , SUCh 3 de,eC,0r SyS,em » bi °*»y™> «« «* same time provides an indkarion of 

can be Particularly useful where the support ts a glass or the identity of the detected material. In addition mass 

.con cb.p, whtch has wells or the hke having a base that spectrometry does not require labelling a maS to be 

uZ ' ra r n h Sm,SSl ° n f * ?-T Ukr u aVe ' eQ8lh ° f li8hL detected ' * b ™& tbe «, be "labeled," for 

below the h o thZh h! I"'," 0 h 6 tra ^ iMed ,T eXimple ' b > iD ««P°«'i°g ",«. differenttating functional 

a de7ecmr SIS 2vi P n ' £ dcleatdb y 25 groups into the materials where a multiplex reaction is to be 

JZ 7J *ZrZ I ? C lieh ' transmU,ul S performed. Mass spectrometry also is useful because the 

ZTZa 3 Smg J C SOUfCe ' ° f CaD bC s y stems 1011 me,nods disclosed h«ein can utilize a solid 

arranged in an array that corresponds to posiUons of the support such as a microchip, which can be introduced 

targe, sues on the support. Furthermore, such a spectropho- conveniently into the mass spectrometer 

tometr.c system can be separate from the open system for , 0 A mass spectrometI7 deteclion caQ be 

maintaining a volume of a liauid in an unsealed <■ c ■ , ,. ' ucl «-" uu sysi-tn can oe any 

such an intend ^Jt^mTt^^r^^L ^ . 35 conveDlCDtl y ""lb a detection format, including Linear or 
sucn an integrated system, a temperature controlling system re fl ertrnn Mm . n c fi : rtM fTn c\ . « i t 

Th* „.=, nf , k„. . • ,, 40 10n - tra PAime-of-flight. For ionization, numerous matrix/ 

torto oTa e cl 7 T T"" S™ ^ m ° n " waveIeQ S I " combinations (MALDI) or solvent combioa- 

TF?a I ' I ' Wbere tbC reaClantS ,i0DS < ESI ) ca ° be employed. M ALDI-TOF mass 

labeled wub an appropriate fluorescent, luminescent or spectrometry, including delayed extraction MALDI-TOF 

JlSSa" 1 " "TV 5T maSS SpeC, ™ me,t > - Pearly useful asTdetecTSn 

ETi^?,- ? ^ V (Me E5 i ample U ' ^ 45 s y stem (««. f°r example, International PCT application No. 

hght transmiitrng system and detector are selected based on WO98/20019;see, also, Whit.al e. al., Anal. Chen, 

the particular wavelength of hght desired. Such a spectro- 70:5344-5347 (1998), describing the use of MALDI-TOF 

nre^nr in ih<- lin,.,vi ,„h ,h» i.i . ui 1 • ulu °.™" been adapted to analysis of reactions on microchips, and can 

fhatlndica, fo q e X lnl, h ' rr a ^ C0DS,rUC ! ed ^ow the detection of thousands of binding reactions per- 

I dliS^ h., J. I P T * h g hUransnut,ed, ° 55 formed on a microchip (see Eggers and Ehllich, Hemmol 

a detector that signals an undesirable amount of evaporation P fl ,/, 0 / o-i_is nQQSV w *\t, P™ m .,,i 7lT 

of the liquid, such that a liquid dispensing system d^penses 22 r ITSlSsS ^rSuWut* rrn H , r" 

an amount of liquid that corresponds to the amount that Sm« S T § f f 

evaporated oiopoiymers, which can bind an appropriately labeled 

Detection S material, or reagents that can bind an appropriately labeled 

ysiems 60 material such as a fluorescentlv labeled biopolvmer, are 

a reaction mixture, including a component added to the immobilized directlv on the pixels of a CCD, and, followm* 

mixture, for example, a substrate, or an intermediate or a reaction as desired, bound labeled materials are detected al 

product produced by the reaction, can be monitored using the specific pixel location. The signal obtained from a CCD 

any detection system appropriate for the material being can be displayed, if desired, and can allow a quantitative 

examined. The detection system is selected based in the 65 determination, for example, of binding events. Furthermore, 

particular materia! to be delected, and can be matched with since the signal obtained using a CCD detector is received 

d particular label where the material to be detected based on in real time, the sicnal can be used as an indication of the 
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dispensed, for example, to terminate the rea ion or to l^TS, T""" ab ° U ' " C 

change .he conditions of the reaction such tba a sc«nd ^Tn™* Water * 16447 kPa at 22 ° C - 

reaction can be performed a. the particula tarce site , nf ^ " ^ ^"i 529 at 95 ° C (" H3ndb °° k 
u/h.ro u . . f«uvuwi wrgcisue. 5 of Chemistry and Phvsics" 75th ed.(CRC Press Inc 1QQ4V 

el al CMrawTl oosn R 2 P • Cal rCaC " 0DS SUCh 35 Synlhesis of 3 ""Bbinatorial library a 

US^^J'Z ^ f perE the " Z^" ,raDSfeCti °°' " > «** ™ 

J°"°" n S.f mdividuallar 8^"f forexample,inanarray Ame.hod for maintaining a volume, particularly a sub- 

cl 6 34 7 34^ n 9 9^ 3 b0reS fl ,S (HSdd 61 al " ° f lil)Uid lhat COrres P° Dds t0 lbe •«»« of liquid h 

umn ^-3407-3412 1997), and epifluorescence micros- evaporates, thereby maintaining the volume of the reaction 

copy (Fodor et al., Science 251:767773 (1991) have been mixture 

adapted to microchip devices and glass slides and can be 20 Such a method can be useful, for example where the 

s,r open sysiem as disclosed bere,n - reacti ° n ^ «*■ a *i£r&2rb?: 

u»,\.~A r f • •• , . substrate or a product of the reaction. Followine a reaction 

Me hods for matn.atn.ng a volume of a liquid in an using a method as disclosed herein th b oLlvme or 

unsealed environment also are provided. Such a method can products of the biopolymer can be del ted * « 

be performed ,n an open system, forexample, byde.ermm- 25 or indirectly. As such, be disZd m mods a« TJSl 

log the temperature of a solid support, having a targe, site, determining^ sequence of a StaS To, syXstt 

limn ral C °H la ' n T ° f ^ * aDd ' M ° D "* ' bio P 0lymer "onomeric .SwffSSI 

temperature, dispensing at the target sue an amount of liquid the presence of a particular biopolymer for example i ! 

required 0 maintain. he volume of the liquid. The amount of biological sample. Various n,taSJ!^ZS&X 

qmd.obed.spensed can be determined, for example, using 30 mer are exemplified herein and other m££ S 

a computer algorithm that can calculate, based on various selected based in part, on the particul rTy«22 ymer 

parameters, including the temperature of the support, the are well known .0 those in the art ^ 
chemical nature of the hqu.d, and the volume to be A method as disclosed herein can be useful for essentially 

maintained the amount of hquid that evaporates from the any type of reaction, including, for Sole S the 

ue,such that the amount ofhquid dispensed corresponds .0 35 substrate is a biopolymer, a biological "action si as a 

b amount of hquid that evaporates. Alternatively, the enzyme-mediated polvm rization, ligation c on£ or 

volume can be monitored, for example, by a microscopic degradation reactions a physical r acS sue J a n'udei 

ammation, using an appropriate optical system, or by a acid hybridization, the binding of a nuc eic ci r eg am 

,tu 0P !> § J e qUe *r UCh , lhal V aS ! be VOlUme ° f 3 ^ elemem ^ a nucleifacid binding polyp P id or 

a target site decreases, hqu.d can be dispensed .0 maintain 40 homodimeriza.ion or he.erodimeriza.ion of poWpepSs 0 

he volume wuh.n acceptable parameters. In another a chemical reaction such as a cnenS L£ reaction 
embodunent, the volume can be monitored by tracking the chemical synthesis of the biopoWor cbemic cleav 
meniscus of the hqu.d and determining when the meniscus age of the" b.opo.ymer, for example, cJ^iTbwnto 

1Th k ^ ! defifled T l SUCh m ° Di,0riDg CaD be ckava S e ° f 3 Polypeptide at a methionine Se oTmm 
erformed by de.ec.rag a change in a circuit due .0 a 45 e.hylsulfale cleavage of a carbohydrate end group Z 
decrease ra the amount of hqu.d below a level required .0 reaction also can be a chemical Ses^ reacfion for 

Si!St^£iSr iD lbe quaUty of b ' 8hl example ' symbesis of 3 combiDa,oriai lib " «5a-£ 

mLES 7 T q • • eCuleS 0r of bi °P0'yn>^; or can be a hvdrolvsis reaction 

Methods for performing a reacnon ,n an unsealed envi- such as a polysaccharide hvdrolvsis reaction ' 
moment also are provided. Such a method can be performed, 50 A method as disclosed herein also is useful for a reaction 

nnnnr l^'h y f 5™™* lem P er3,ure ° f 3 *** ^o'^S » ^og cell. For example, the reaction can be a 
support, which includes a target sue containing a volume of method of introducing a recombinant nucleic acid molecule 

the reacnon m.xture; and dispensing into the reaction mix- which can be contained in a vector, into a host cell in order 

.urean amount of hquid required to maintain the volume. to produce copies of the recombinant nucleic acid molecule 
Such a method is part.cu larly useful where .he reaction 55 or .0 express a polypeptide encoded thereby. Such a 

mixture has a volume of a few microliters or less, generally polypeptide can be isolated, if desired, or can be expressed 

hlu Tnn 3 r m,cro il le, !. or 1 less ' and Particularly for the putpose of providing an advantage .0 the cell 

bou 500 nanolitets or less. The disclosed me.bods also are expressing .he polypeptide. The reaction also can involve 

2Tu£ P ^ 0ni " ng SUbmiCroh ' er : eact,ons 31 contacting a cell with a physical, chemical or biological 
m » Z T h "r'^f ° f 3 l T d iD lhe re3Cti0D 60 3geDl ™ 0rder 10 ideMif y 3 chan S e * $™ expression in the 

caS Z y "f ° r , e T Ple e ft, 01 " 15 ld '° PaS - Cdl - f0f eXam P' e ' ^ . be., shock od .be cells, or 

bouMO 1-P T a ', P I $ ab ° U1 5 ^ 0r I grea,eri ° r by COn,3C,1D S tbe cells ^ 3 P ul3live medicament. An open 

ct LZ™ K ' T eVa ?? UOn ° f ' be Uquid sys,em 35 disclosed bereiD is u *fi" f°r such reactions 

d ? S Z v I .T V °' Ume ° f the rMCli0D miXtUle because " 3llows P fecise control o f the «»ction conditions, 

Thf d hLh , / eaCU0D - aw 65 parliCU ' arly the ab,lit y 10 a 13 "" 31 " the re3cli0D » * P"<*- 

lh dtsclosed methods are useful, for example, for per- .erm.ned volume. Furthermore, because the reactions can be 

tormtns a reaction in an aqueous environment at a tempera- performed in very small volumes, studies involvins onlv one 
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°»l WMTFrT^^allT' eXamP ' e - Clafk 61 eX0DUcle **> PH. and time of incubation can be varied in the 

ilCHEMTECH 28.20-25 (1998)). different reaction mixtures to produce a desired range of 

S?h , ea T DS , k • , . - degradation products. Tune of incubation can be adjusted, 

The methods disclosed herein can be used for a biopoly- for example, by maintaining the temperature of each target 

mer sequencing reaction^ For example, the Copolymer can 5 site a. 4' C, then at predetermined times, adjusting The 

be a polynucleotide, which can be sequenced using the temperature of one or more target site to 37° C. The volume 

Maxam-Gilbert chemical cleavage method, or an enzymatic of each reaction mixture is maintained at a predetermined 

reaction such as the Sanger-Coulson chain termination volume throughout the procedure. At me appropriate time 

method or an exonuclease cleavage method. A biopolymer all of the reactions are terminated, for example, bv removing 

sequencing reaction such as the Maxam-Gilben method or to the liquid and dissolved reagents from the targe't sites The 

Sanger-Coulson method conveniently can be performed, for immobilized, exonuclease degraded mass differentiated 

example, on a microchip, m which a number of reactions, nucleic acid molecules remain immobilized to the chip and 

including the four (or five) base specific reaction, can be are available for detection, for example, by mass speclrom- 

performed in parallel on one or more polynucleotides, or a etry. =>petirom 



single base reaction can be performed on a number of is A polypeptide also can be sequenced using a chemical 
different polynucleot.de sequences. Such methods of poly- degradation method, for example, the Edman degradation 
nucleotide sequencing result in the production of nested method, which utilizes phenytisothiocyanate to sequentially 
fragments of the polynucleotide, which can be detected cleave amino acids from the amino terminus of a 
using various methods particularly mass spectrometry, polypeptide, or an enzymatic degradation reaction using an 
SKT™ desorption/ionization time- 20 exopeptidase such as a carboxypeptidase, which sequen- 

0 -flight (MALDI-TOF) mass spectrometry or capillary tially cleaves amino acids from the carboxy terminus of a 
electrophoresis. polypeptide, or an aminopeptidase, which sequentially 

In a cham termination sequencmg reaction, for example, cleaves amino acids from the amino terminus of a polvpep- 
eacn reaction mixture is an aqueous solution, containing a tide. 

polymerase, four nucleoside triphosphates, and a chain 25 The sequentially released amino acids or nested fragments 
erminating nucleoside triphosphate; the water in the reac- of the polypeptide can be detected. Nested fragments of a 
tioo mixture is susceptible to evaporation during the polypeptide can be produced conveniently by performing a 
!! ! n ^ n ! ra , Uy f P erformed a * 4 te«npe««»re of number of reactions in parallel on a microchip, where fhe 
about 37 C. Particularly where the reaction is performed in polypeptides are reversibly immobilized to the solid support 
a submicrohter volume on a solid support in an unsealed 30 using, for example, photocleavable linkers, chemically 
environment the water can evaporate almost completely in cleavable linkers, or the like. After the reactions are com- 
a short period of time and, even where the reaction mixture plete and the immobilized fragments have been washed 
does not evaporate to dryness, the loss of water volume can they can be delected in situ, or can be released from the 
substantially alter the kinetics of the polymerase reaction, support for detection 

including the fidelity of nucleotide incorporation, and pro- 35 The methods as disclosed herein also can be useful for 
duce spurious results. A method as disclosed herein avoids reactions in which a biopolymer is cleaved into smaller but 
such a problem by dispensing into the reaction mixture an not necessarily monomeric, fragments. For example a poly- 
amount of water that corresponds to the amount of water that nucleotide can be cleaved, partially or completely using a 
evaporates during the reaction. restriction endonuclease or base specific eodonucle'ase such 

In the Maxam-Gdbert sequencing method, four or five 40 as various RNAendonucleases. Similarly, a polypeptide can 
separate reactions can be performed, each of which is be cleaved into fragments using, for example, cvanogen 
performed under different conditions, with different liquids, bromide, which cleaves at methionine residues or any of 
including water, dimethyl sulfate, piperidine, and hydrazine various endopeptidases such as trypsin and chymoirvpsin 
(see Sambrook el al. "Molecular Cloning: A laboratory The fragments produced then can be detected to facilitate 
?aZ ,t ,, ( ,^ W I" 08 Harb0f Uborator y Press 45 determining the order of the fragments within the larger 
iy»y), pages 13.11-13.13). For example, a sugar-phosphate polynucleotide or polypeptide. The methods disclosed 
cleavage reaction of the modified bases is performed using herein also are applicable where the biopolvmer is a 

1 M pipendme in water at 90° C. (vapor pressure of carbohydrate, glycoprotein, proteoglycan or lipid, which is 
pipendine-84.1 kPa at 100° C; and of water=101 kPa at to be sequenced. 

1 00° C). As such, a method as disclosed herein, can be used -50 Synthesis Reactions 

10 monitor the evaporation of piperidine and of water during The disclosed methods for maintaining a volume particu- 
the sugar-phospbate cleavage reaction and can allow an larly a submicroliter volume, of a reaction mixture also are 
amount of each liquid to be dispensed to the target site useful for a biopolvmer synthesis reaction. For example the 
dunng the reaction. The relative amount of each such liquid biopolymer can be a polynucleotide, and the synthesis 
to be dispensed can be calculated, for example, based on the 55 reaction can be a chemical' synthesis reaction or an enzy- 
concentration of each liquid in the reaction and the vapor malic synthesis reaction using a polymerase (see for 
pressures of the liquids. example , s . M . Hech( ^ .. Bioorganic chemistry: Nucleic 

A polynucleotide also can be sequenced by an exonu- . acids" (Oxford Univ. Press 1996)). Chemical synthesis of a 
clease reaction using a method as disclosed herein. For polynucleotide can be performed using any of 
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example, a multiplex exonuclease sequencing reaction can 60 methods, including the phosphotriester, pbosphoamidate 

b J P ! r ?™ ed , 00 f '^"c'eotides as disclosed in U.S. Pat. and H-pbosphonate method (Hecht, ed. "Bioorganic Chem- 

No. 3.62^,824 and U.S. Pat. No. 5,851,765, wherein mass istry: Nucleic acids" Oxford Univ. Press 1996, pages 

diflerent.ated nucleic acid molecules containing mass modi- 36-74), and utilizes various organic solvents, including, for 

tied nucleotides are prepared, immobilized to a target site, example, acetonitrile, which has a vapor pressure of about 

and contacted w,th an exonuclease. A number of exonu- 55 11.8 kPa a. 25° C. and, therefore, is more susceptible to 

clease sequencing reactions can be run in parallel, for evaporation than water. As such, the disclosed methods are 

example, on a microchip, and the concentration of particularly useful for chemical polynucleotide svothesis 
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reactions, since the volume of the reaction mixtures ran hp n i , . 

rn.im.ined a. a predetermined volume hroughou ,he r ac nenl ^ aSS0C,a,ed WUh h , ealth ? M ™ ™V »™ 

lion period °r°"gnout toe reac penetrance, meaning that only a few of the individuals 

An enzymatic synthesis reaction, in comparison is per- Sf JtSi W f 1 . deVelo P. dise4s f- SNPs be "« identify 

formed in an aqueous solution The biooolCe^L h, , < 8 T^*™ f ° f mappmg and a*™™* the genes 

ribonucleic acid? and the poly^era» can an RNA denpn as ~ d J™* «™ diseases. In addition to their 

*ntRNApolv^J o ri^S^l^S" H freqUe ^ SN P sareallraclive "ndidate S asgene.icmarkers 

merase. Where the polymerL isVn Iw52L215 ffi lh f ^tabuity, generally having much lower mutation 

polvmerase, the enzyma ksy ,h ei Action l<L^n ra,es ' andth t amenabilit y° f automating the analysis of such 

include a DHA dependen DNA SlT?«£Lr; to " T "* geDellC 

reverse transcrip.ionpolymerase STSota (SSSS the ^ "V* mim ° D ° r 80 SNP$ and 

A polynucleotide can be synthesized for example bv TJi h i P ^ Up the humaD 8 enome 

PCR. In addition to the subSc^nSfaST^ 7 * , ^J" 00 ,he community's ability to 

polymerase, which ca b ^SCSfor^A £5? S"* I"* ° VM "* paS * few ^ 

polvmerase other components of a £&°L££ ,5 SgSiZ^J^T* 35 

nuc eos de triphosDh ates whirh u Iuul "P» c nng, wnicn allow the analysis of more than one 

deoxynbonucleotides' Zucl o ides or an lo E tnereof EE T, ST T"' 6 ' ^ deVe '° pmeDt ° f such 

and a set of primers, includmg TZZS^gJ^ 2 ^ ' T "* "* ° f nanotechn ° l °gy. «">ich has 

polvpeptide. The d^sctosed methods^ IT 17 . ^ ^ " e S miCr ° chip ' and the pluralit y ° f r "ction 

eXhTth It 60 '!, 5 - mUCh ° f ~ b ™«««' 50 obgonudeotide that bwl^Si?! opolymeT 

research, m the public and pnvale sectors, is based upon the The oligonucleotide can include a PNA nor inn Z ™ £ 

expectation that understanding the genetic contribution to an oligonucleotide prime that has teteSltt 

disease will revolutionize diagnosis, treatment, and preven- activ.fy of a polymerase WW !h, I . 

e h * taiTdifferet:: ° f TT" ^ 6 ° " ^ pri ™ <~ 3. « be om 

aK^.K^KiS n 2S H ^'^ Pr0C£SSeS 65 C0DlaiDing 3 Pep ' lde DUcleic acid ponion and taving a J 

lions amo" S «n s nd X P ^ f ^ tenmnUS * at " 3 Subslra,e for a P°lv™riza.ion refction 

-on. among multiple genes and environmental factors, (see. e.g.. International PCT application No. W098AXM 9) 
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Such methods provide diagnostic assays, including assays Libraries, such as combinatorial libraries, can contain as 

for detecting the presence of, or predisposition to a disease many as 10 14 to 10 15 different molecules, and typically 

or condition. Such a disease or condition can be a genetic contain on the order of 10 3 -10 6 . The diverse molecules in a 

disease, for example, Huntington's disease, prostate cancer, combinatorial library can be based, for example, on a known 

Fragile X syndrome type A, myotonic dystrophy type I, 5 molecule, such as known pharmacophore scaffold, which is 

Kennedy's disease, Mach ado-Joseph disease, dentatorubral being diversified to find a new, but similar molecule having 

and pallidolyusian atrophy, and spino bulbar muscular atro- more desirable characteristics such as better solubility or the 

phy; or the condition can be aging, which can be identified ability to be administered orally or bioactivity. Of course, the 

by examining the number of nucleotide repeats in telomere diverse molecules also can be randomly designed molecules, 

nucleic acid from a subject. The disease or condition also which can be screened for a desirable characteristics, 

can be associated with a gene such as genes encoding The methods herein allow libraries of diverse molecules 

BRCA1, BRCA2, APC; a gene encoding dystrophin^- to be produced in an open system and, if desired, using a 

globin, Factor IX, Factor VIIc, ornithine-d-amino- single lube format. In addition, the diverse molecules pro- 

transferase, hypoxanthine guanine phosphoribosyl duced can be screened in situ, for example, where the library 

transferase, or the cystic fibrosis transmembrane receptor is a library of diverse antibodies, they can be screened using 

(CFTR); or a proto -oncogene. 15 me appropriate antigen and a suitable binding assay; or 

The methods as disclosed herein also are useful for where the library is a library of diverse drugs, which are 
detecting single nucleotide polymorphisms (SNPs), which based on a drug that can inhibit a protein-protein interaction 
occur with a frequency of about 1% (or about 1 million involved, for example, in a metabolic pathway associated 
SNPs) in the human genome and serve as markers of regions with a disease, the diverse drugs can be screened by con- 
in the human genome. SNPs can identify regions important 20 tacting a drug with the proteins and monitoring the associa- 
for mapping and discovering the genes associated with lion of the proteins. A screening assay provides a simple 
common diseases, and are attractive candidates for analysis means for identifying those agents in the library that have a 
because of their frequency in the human genome and desirable property. Thus, a screening assay can be performed 
because of their relatively low mutation rates. As such, following preparation of a combinatorial library, and the 
analysis of SNPs is amenable to automation. 25 enl "* e process can be automated using an open system as 

A method as disclosed herein can be used to~ genotype a disclosed, thereby allowing for high through-put screening 

subject by determining the identity of one or more allelic assays. 

variants of one or more polymorphic regions in one or more lowing examples are included for illustrative pur- 
genes in the subject. For example, the one or more genes can ? oscs ^ and are not ^ ndc6 10 limit the scope of the 
be associated with graft rejection and the process can be 30 mvention - 
used to determine compatibility between a donor and a 

recipient of a graft. Such genes can be MHC genes, for EXAMPLE 1 

^nt^SVf^rTA Xr? aSPrOVidCd Unsealed Nan °^ r P <* Monitored bv 

herein can be used tor forensic or identity testing purposes c c ^ r A • ^- , 

and the polymorphic regions can be present in mitochondrial 35 Fluorescence Energy Transfer Assay ,„ a Single 

genes or can be short tandem repeats. 6 r0CC Ure 

A disclosed method also can be used to determine whether This example demonstrates that a PCR amplification 

a subject is infected with an infectious organism such as a performed in an open system can be detected online by 

virus, bacterium, fungus or protist. A process for determin- increasing fluorescence using a fluorescence energy transfer 

ing the isotype of an infectious organism also is provided. 40 assay, the TaqMan™ assay (Nucleic Acids Res. 

Thus, depending on the sequence to be detected, the meth- 25:1999-2004 (1997)). 

ods disclosed herein are useful, for example, to diagnose a Th e TaqMan™ fluorescent assay uses an oligonucleotide 

genetic disease or chromosomal abnormality; a predisposi- probe complementary to an internal segment of the target 

lion to or an early indication of a gene influenced disease or DNA to be amplified. The probe is labeled with two fluo- 

condition, for example, obesity, atherosclerosis, diabetes or 45 rescent moieties. As a result of the overlap between the 

cancer; or an infection by a pathogenic organism, for emission and excitation spectra of the two fluorescent 

example, a virus, bacterium, parasite or fungus; or to provide moieties, one moiety quenches the emission of the other 

information relating to identity, heredity or compatibility moiety. The presence of this probe during PCR allows the 

using, for example, mini-satellite or micro-satellite amplification process to be monitored. The probe hybridizes 

sequences or HLA phenotyping. 50 10 lDe lar B et DNA during the PCR process and becomes 

Libraries susceptible to degradation by the 5* nuclease activity of Taq 

The disclosed methods for performing a reaction in an polymerase, which is specific for DNA hybridized to the 

unsealed environment are useful for producing libraries template. As a result of the nucleo lytic degradation, the two 

containing diverse populations of molecules, including ^r^xui labels are ,ao longer in proximity, thereby reduc- 

chemical or biological molecules such as simple or complex 55 ^ quenching and increasing the intensity of the emitted 

■ , , ., _. • - "ght- As a result, measurement of fluorescence dunne 

o game molecules, pept.des, protons. peptldomuneUcs, a ^ plification ? B real . lime monj , orin of (he p CR vie ,| 

glycoproteins, lipoproteins, polynucleotides, and the like. * .. jL . . .. .. . „. * „. ' ... . 

Libraries containing such molecules and methods of making " ATaqMan™ kn (Apphed B.osystems, Foster City Cahf.) 

libraries, such as combinatoriaJ libraries, are known in ihf C ° ma,DS be , f ° Uo ?1 g r, com ?°™*- human genomic DNA at 

_ , „ r . ... „ kT '/^Tt" * „ a concentration of 10 ng'/d, forward and reverse primers 

at (sec, for example Huse > U f^Pf l ; ^^5,264 563; Gallop 60 ific for , he human %-actin gene: forward primer 

i t ¥ri Z\ Zr^^l { 1? 94 }\ ? 0Td ° a 61 *" J ' 5'-TCACCCACACTGTGCCCATCTACGA-3- (SEQ ID 

Med Chem. 37:1383-1401 (1994); Blondelle et al., Trends No . 1); aod reversc prime ; (5 -. 

Anal Chem. 14:83-92 (199:>); Eichler and Houghten, CAGCGGAACCGCTCATTGCCAATGG-3* (SEQ ID No. 

Moiec.Med Today 1:174-180 (1995); York et al. v Science 2); a dual fluorophore-labeled probe: 5 -(6- 

274:1520-1522 (1996); Gold el al., Proc. Nad. Acad. ScL, 65 carboxv fluorescein) - AT G C C C - ( 6 - 

USA 94:59-64 ( 1 997); Gold. U.S. Pal. No. 5,270,1 63, issued carboxvtetramethvlrhodaminc)- 

Dec. 14. 1993). CCCCCATGCCATCCTGCGT-3' (SEQ ID No. ?) 
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complementary to the P-actin specific PCR nrodu TH 

reaaion mix!ure contains 10 mM Tris-HCl (pH 8.3), 50 mM ^l^SIJ'^ ° f reaC,i ° D mix and ^ ^ are 
« y u £ lallQ> 1 m 8 /ml 'W'M serum albumin (BSaT .^ om a micr °»'er plate onto a cooled (5° C ) 

nl m H M , gCL - 200 " M 0f eacb dNT * 30oSof the ^P^'j'^^'^^^^hip^microchip.Biscooledtrap 

forward and reverse amplification primers, 200 Jm of the , * ^ dWmmt lhe " ilial drop size, without evaporl 

. duai flu oropho labe]ed probe _ Q 5 T 0 ^ m ° ™ 5 uon. Ooce the initial drop size i determined the rcR 

PmmT f 6 *?™? 00 3 modified 2 channel NANO- 10 the * ho ) e d ^ *»P » irradiated bv a He-Tla^S 
, CViCe typC Wlc ( GeSim - Dre sden "f h and monitored Roofer Ins..', Erlaogen Ge Jovf 

P ate deposited on the z-table of the pipetting de" « K placed under th targeui « to eTc ,e £1 f 
other end of the dilu.ers are connected to a reservoir wh ch taction volume from behind A^TjT^T " "* 
contains system liquid, for example, 50 ml uhrapu^e water * ««a, each of the 97 3» in be monlore 

' B COn,r °," ed by 3 PWmable thermoelectric tern- „ ^ ? ' ™ lioD such as K * therefore °S 

C;* LH-3M6 (Wavelength Electronic, Inc., 25 f««n the target and the pehier elemen'.C^ 

SwiSi r fiCati0D With refereDCe 10 ,he rr de T? n,UCOnStroC,edwilhholestoa ''owpa^geof 

NANO-PLOTTER refers to coupling the device with a the focused laser °eam. A 97 diode arrav also can btnlfJn 

heatmg element to heat the hqu.d before it is dispensed onto 31 3 differenl lo ""°n. P 

the chip support. This can be effected bv hea-'no iK. The same exnen-e n- in - a- , i - ar , , 

M TemPC pr Ure iS me3SUred Usin S a PT ™ and passiv < «*» elecfrUS 

teJ ll^ ' ,E1 ' Ctr0mcs ' Decken Pfr°nn G^any). Svs- L 4 or 8 pipet.es and ttel EE S £2^2E 

tern hqmd is heated to target temperature directly in the samples from a microliter nlate ThTnlTJ 17 i 

liquid on ,he target and subsequently added system liquid " measurements as the Spectrochip™ microchip. Eacfc S 
tv, Clnc p 'P elle of the active/passive block is addn-<Lhi, 

The : reacon ,s deposited on two different positions on a ™ piezo electric disusing i mete r W„tS 

2S SR wl "* W 'r be Xld under the ,radema * PaSS h ' Ve f I' 0 *' sys,em * added simuTSuS o£ 
h« ^ hvH h , y eqU < en0m ' InC - SaD Die 8° Calif ). *hich 40 each 0f the 97 < 385 ) Positions of the chip. ' 
has a hydrophobic surface with hydrophilic target sites for 

retaining aqueous reaction mixtures. The chip support con- EXAMPLE 2 

templated in tins example, includes two modified bydropho- 

b>c positions that allow the reaction liquid to grow only in led NanoIiler PCT Prior '° MALDl-MS 

t e z-direction. One position on the chip is used to monitor 4? 

Analysis in a Single Tube Procedure 
nosiZ l Ti Dgafiber0p,ic * ,Ve ^ clo * totherejc 'i<>'i ' This example demonstrates that PCR orodueu nmH , 

photomuluplier to cut-off the exciting wavelength Ruores- -n Pcn'u~t ■ ■ 

cence is excited with a 15 mW argon laser and de ecTd delvl^ rfo ™ ed US ' D l pACT ,em P lale - ^ is a pUC 

say — — — ~ gr^^^s^ 

liquid. Since the c^iS^SKf SySlem ?™ b ' 0l o, yl nt dprimer - 100 P mo1 "0"-bio.invla,ed primer 

when the drop volume increased ^ * 0 Zn T {Smi ^ * JoUa C ™) 

of added resen-oir liquid is related S JST a™ f • P 'f ' aDd Wa,er t0 a final volume °f 50 J. 

>ha, the slope 0 f fr^ncy is negat e nTcv'c" T CSK? C 'cT r % a n f oUows : 30 ^«of94-C.for 

•emperature is decreased and is positive whin He cvcle 2S* ^ 3 ° ud ?2 ° ° f ° r 30 

-SKS^ST-^S- - P ™-P^rmedusinga,channe,N^ 
lhe fluorescence signal. ° bla,mng p,p "'' n 8 de ^ ce 'XPe NP1C (GeSim, Dresden Germanv) 

ID0dlfied Wltb a bating element as described herein. This 
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pipetting device has an xyz table to move and dispense 2 contains the rinse linniH j , 

liquids from a piezoelectric pipette. Tht pipette isconnected riS ySootiTEi ~ \ WbtKU> 
to a pump system (dilu.er) to Blithe pipette with liquid in the E iST -T "* P V" 4 C ° mainS Ihe 
nanoliter scale from a microliter phte deposited on the »™S„ ^ 8 ,h S ' epS P reven,s the an " nonia ^om 
z-table of the pipetting device. The other end of theater 5 eVapOra,10n and ,he raatnx *™ crystallization, 
is connected to a reservoir that contains system liquid, for * fyamdi c i 

example, 50 ml ultrapure water. Valve settings in the diluter r Lt 3 

allow the bypass of system liquid to the piezo electric Unsealed UannUt,, rv,.i c 

pipette. It is modified for use herein such that the tareet sue mm ni mq a ■ Y Sequencing Pnor to 

(site to which liquid is dispensed) of the pipeuing device has MALDI-MS Analysts tn a One Well Procedure 

a 22W peltier heating/cooling element that is controlled by 10 T*" 8 example demonstrates that cycle sequencing can be 
a programmable thermoelectric temperature controller LFI- performed in a single well and the reaction product subse- 
3526 (Wavelength Electronic, Inc., Bozeman Mont.). Tern- quemly can be analyzed by MALDI-MS. Using the open 
peraiure is measured using a PT 500 type F3132 (Newport method, no cover or sealing is used to prevent evaporation 
Electronics, Inc., Deckenpfronn Germany). ^ during the cycling program for the DNA sequencing reac- 

System liquid is heated to target temperature direct in the *~ lion * 
pipette to keep the temperature gradient between reaction Reactions were performed essentially as described previ- 

hquid on the target and subsequently added system liquid ously (see van den Boom et ah, Anal. Biochem • van den 
zero. The reaction mix is deposited on two different posi- Boom et al., J.B.BM. standard evele sequencing paper- 
tions on a Spectrochip™ microchip, which contains two , 0 Koster et al., Nature Biotech.; Little et al Anal Chem 
hydrophihc modified positions. These target sites are sur- ' 69:4540-4546 (1997)). DNA sequencing of PCR products 
rounded by a hollow of black silicon containing a dense are amplified off-line on a microchip without sealing Target 
"forest" of 10 /<m high needles. Due to the sharp edge DNA to be sequenced was amplified from genomic DNA or 
between the target site and the hollow, the reaction volume cDNA using a biotinylated primer. The corresponding PCR 
grows only in the z-direction to a defined volume. Under the 25 product was stored in a microliter plate accessible for the 
position where PCR occurs, a small magnet is mounted to " piezoelectric pipette. PCR product can be placed on each 
capture paramagnetic beads, for example, streptavidin position of a 96 Spectrochip™ support, thus allowing a 
coated paramagnetic beads. series of cycle sequencing reactions to be performed accord- 

The second position (dummy position) is used to monitor m S t0 a primer walking strategy, which vields the full 
the liquid lost due to evaporation. An inter digital array is set 30 sequence of the PCR product. 

very close to this position to monitor drop size based on Sequence analysis is performed by a thermal cycled 
capacity measurement Iht reaction mix and the dummy reaction using a short oligonucleotide primer complemen- 
drop are kept constant during each PCR cycle by adjusting tary to the biotinylated PCR strand, a. DNA polymerase and 
the dispensing frequency of the system liquid (see Example a sequencing nucleotide mix in a buffered reaction system. 
'* 35 Afler completion of the reaction, the biotinylated' PCR 

Mve nl (25 drops) reaction mix are transferred from a template strand is immobilized to streptavidin coated mae- 
microtuer plate onto the cooled (5° C.) Spectrochip™ netic beads. The sequencing ladder that hybridizes to this 
microchip. The cooled trap is used to determine the initial strand is co-immobilized and can be separated form reaction 
drop height without evaporation. Once the mixture is components. After a washing step, the sequencing ladder is 
deposited, the initial height of the reaction liquid is mea- 4 o recovered from the streptavidin beads bv denaturation In a 
sured and PCR program was started. Following PCR, the subsequent step, the sequence ladder can be mass analvzed 
Spectrochip™ microchip is cooled to 5° C. to trap the directly from the SpectroChip™ support using a Bruker 
reaction liquid. In a first step after PCR, the piezo electric Sequenom MALDI-TOF MS 

pipette transfers 10 nl streptavidin dynabe ads (M-280) from The following reagents were used- P 53 specific PCR 

a microliter plate into the reaction mixture to capture PCR 45 product: amplification primers 

product. In a second step, the piezo electric pipette is used d(CTGCTTGCCACAGGTCTC) (SEQ ID No 6) and 
to Hood the target area with 1 ,<1 of 0.07 M ammonium citrate d(biotin-CACAGCAGGCCAGTGTGC) (SEQ ID No 7} 
solution to nnse the reaction mix into the hollow. The were targeted against exon 7 of the P 53 gene PCR was 
washing step is repeated once. In a third step, the PCR performed according to standard procedures using 10 pmol 
™rin S d ™ e i from i [ he beads using ammonia at room 50 of forward primer and 6 pmol of biotinvlated reverse primer, 
temperature (RT). TTjus, the target was adjusted to RT and Sequencing primer specific for the exon 7 PCR product was 
he piezo electric pipette picks up 10% ammonia and trans- d(gaggcccatcctcacc) (SEQ ID No. 8). The evele sequencing 
terred 50 nl onto the target site. In the fourth step, the target reaction mixture contained 10 raM Tris-HCl (pH 8 3) 
is cooled to :> C and the denatured PCR product is 0.01% gelatin, 1 mg/ml BSA, 3.5 mM MgCU, 200 uM of 
redissolved with 3 nl ultrapure water. In the last step, 6 nl 55 each dNTP, 300 ,,M of sequencing primer, i Unit' Ther- 
21" * dded ,m ,° t lhe hc * uid PCR product, while again moSequenase™ and 5 ng of p53 PCR product in a 10 id total 
trusting he target temperature to RT to obtain optimal volume. M-280 streptavidin coated paramagnetic beads also 
crystallization. The SpectroChip™ support then is trans- were used. Cycle sequencing wak performed using tnt 
terred into a mass spectrometer (Bruker/Sequenom, following cycling conditions: 30 cvcles of 94° C for 10 
nan™e^ * aUt ° maled raeasure *ent of the 60 seconds, 54° C for 5 seconds, and 72° C for 15 seconds. 

Th- 1 , Liquid handling was performed usine a 2 channel NANO- 

*nH Z Or T bC m0Dll0red USiD S * He-Ne laser, PLOTTER pipetting device tvpe NPlc (GeSim) mo^fied 
itZjf T Cd H ^| acllv ^ d Passive piezoelectric with he at ^element. As ootc£^ 

nSJm^JiW l a 4 cbaDDel aD xyz tablc 10 raove and d ^ nsc ^ ids fr ™ * 

detrit^ 4 - SlepS aS 65 tric ™ cnc - ™ e P'P*^ ™ "Doected «° P«»P sterns 

nrs. step, therein pipette 1 contains the beads and pipette from a microliter plate deposited on the z-table of the 
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pipetting device. The other eod of the diluters is connected At s° r th* ™~\*a e >u i- ■ 

Z gS !° ddUlCrS ^ 10 byp3SS SySlCm a microtiter ^ 2 0 »1 of bovine pancreas RNase 

modt NANO W ™ n 'T ^ targC l Site ° f thC (B ° ehriD ^ MaDDbeim > » added 10 the react on poshion 

/ . r ^ P,PCU1D8 dCVlCC h3S 3 22W 5 1116 chi P theD is hea * d to a constant temperature of 37° C 

Peltier eating/coohng element controUed by a program- for 15 nun. Following completion of the reaction the svstem 

mable thermoelectric temperature controller LFI-3526. is cooled to 4* C. and 25 nl of matrix is S^dS 

txampies and tion ^ e SpectroChipT M microchip is lransferred {m a 

System liquid is heated to largel temperature directly in "> Bruker/Sequenom mass spectrometer for automated analv- 

the pipette to keep the temperature gradient between reac- sis. 

tion liquid on the target and subsequently added system The detection of degraded fragments with a mass of 45 H 

liquid zero. The reaction liquid is deposited on two different Daltons (Da) indicates cleavage of ihe oligonucleotide at the 

positions on a microchip support (e.g., a SpectroChip™ modified site. 

chip), which contains 2 hydrophilic modified positions (see 1* Sequence: CGAAXTCGAGCTCGGTACCC 

Example 2). Under the position where the reaction takes Ribo-roodificaiion: X is rU. 
place, a small magnet is mounted to capture paramagnetic 

beads. A second dummy position is included as described in EXAMPLE 5 

Examples 1 and 2. c . . . _ , . 

. .. ' Exonucleolytic Degradation of Oligonucleotides in 

Five nl reaction mixtures are transferred from a microliter 20 a V Well Procedure 

plate onto a cooled (5° C.) Sequenom 97 position silicon T • • , . ... . . 

SpectroChip™ microchip and the initial height of the reac- • q J>^0g * performed on a modified 1 channel 

tion liquid is determined (see Examples 1 and 2) After the pipe " mg deV1Ce type NPlc (GeSim ' DresdeD Germany). As 

cycled sequencing reaction is completed, the SpectroChip™ T lhl f. pi ? eUm S device has a ** z lable 10 move and 

microchip is cooled to 5° C to trap ihe reaction liquid 25 PCDSe qUldS ^ 3 P iezoeIeclric Pipette. The active 

In a first step the piezo electric pipette transfers 10 nl KlKf * It 1°° f * ^ 

streptavidin coated paramagnetic beads from the microHte 1^ P ? , P * ' T' 0111 " pIale 

hollow; this step is repeated once. Tie third step is to ^ d /^ ,mullan H e ° usl y' oeac '>ofU 1 e97pos 1 . 1 oDsof.hechip. 
denature the sequencing ladder from he beads 3 10% ™ * ' * "f XTcT'" m t C0DDeCted 10 their 

, , r in i ■ 1 . . p eiecinc ^ dispensing parameters in order to do Dioetle selection 

transfers 10 nl ammonia onto the workine area The fourth tl .iT _f r . H»pciic suecuon. 

steo is to cool the tamet VZn !L ^ r I a a i S 1116 0ther ends of lhe dl]uIers are connected to a reservoir 
step is 10 cool the target again to 5 C. and redissolve the which ^is* syslem (i id (5Q L , , 

obtain optimal crystallization. The entire SpectroChio™ Lhirh if ™n.™n au ucduu^Looiuig element 

microchip is transferred into a Bnrker/SequenoJ , mass ^SSfm^STT ^ lhermoeleclnc ,em - 
spectrometer. wh.ch allows automated measurement from £ „ ^ ™ F3l£ ""^ " 

the nanoliter spots. c • 

45 System liquid is heated to target temperature directly in 
EXAMPLE 4 the Pip^es of lhe passive block to keep the temperature 

gradient between reaction liquid on lhe target and subse- 
RNAse Digest of Ribo- Modified Oligonuclotides in quently added system liquid zero. The SpectroChip™ 

a Single Tube Reaction microchip includes 97 modified hydrophobic positions 

heating/cooling element controUed bv a programmable tber- , Ic ,l lK , , • 

moelectric temperature controUer LFI-3526. and tempera- - US , mg ,bc . KU .7 P lezo , ele< f c »" pmol) of 

ture is measured using PT500 type F3132 (see ExamplVl). " SoecS^Sr If P ° h Sil ' 0nS ° f ^ 9? 

System Uqutd is heated to target temperature direcUy in £ „ s' C hen T- ftf T P k te ? e ; atUre 

the pipette. The reaction Uquid is deposit on two di£S fBo h^ae^ Mannh^ hh V?T P h , OS P bodiesle !^ 

positions on the SpectroChip™ microchip, which contains SXTb 'fo S ?" 10 ' he H 12 ^ 

two modified hydrophobic Josittons to Lr the reaction 60 Sff d" ^S^^JSS 

position to monitor the liquid loss due To ^^evaooratio^e ? T 3 P ' C1Ure ° f ' he de g» dalJ00 

Example 1) evaporation (see reaction, the patches are allowed to dry sequentially two 

T , , minutes after another. The drving process is monitored and 

Twenty nl(.->0 pmol) of a r.bo-modified oligonucleotide is 65 controlled using a capacitor measurement svstem; svstem 

placed I on the reaction posmon of the 96 position Spec.ro- liquid replacement utilizes the passive piezo electric 

Chip 1 microchip, while the chip temperature is maintained ' pipettes. 
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which allows automated measurement from nanoliter spots °7 1 u A polymerase and 0Qe deoxynucle- 

resulting in twelve spectra representing the whole oheo- ° ln P bos P hate * a buffered system are added and 

nucleotide sequence. " incorporation of the nucleotide is monitored by the release 

i0 of inorganic pyrophosphate. The added nucleotide is incor- 

EXAMPLE 6 porated by the polymerase only if it is complementary to the 

Restriction Digest of PCT Products corresponding position in the template sequence. T^e 

. . . A k release ^ Pyrophosphate, a result of the incorporation of the 

Liquid handling is performed on the modified 1 channel nucleotide triphosphate, is monitored as follows- inorganic 

rmc dispensing device described in Example 5. The target 15 pyrophosphate is converted to ATP via the ATP sulfurvlase 

- "W trT* N ™°: PL °™ Pipe«ing device has and the level of present ATP is moni toreTby ^the fi fly' 

a 22W peltier heating/coolmg element controlled by a pro- luciferase system * 

grammable thermoelectric temperature controller LFI35?6 tn th» 

Temperature is measured via PT 500 type F3132 (see ■ sequencing process, the addition of nucleotide 

Example 5). v K 20 triphosphates is performed in a stepwise manner. The reac 

System liquid was also heated to target temperature ^ •* l ° pr ° CCed fof 3 Cerlam lime > lhen lhe 

directly in the pipettes of the passive block to keep the reactlon mix ls separated from the solid support and, 

temperature gradient between reaction liquid on the target lherefore » from the immobaized template primer svstem, 

and subsequently added system liquid zero. The Spectro- a ° d further washia g * performed. Following washing, the 
Chip™ microchip is as described in Example 5. 25 nexl nucleotide triphosphate is added as part of a reaction 

A portion of exon 4 of the human apolipoprotein-E gene mix ' containi ng all necessary enzymes and buffers and 

is amplified by PCR in a conventional 96 well microliter moni toring is performed as above. Repeating the additions 

^t^^^^ J - MassS P ectrom ' *™ Processes witb all four possible nucleotide triphosphates in a cycled 

- *- * ^ ° f »< 

m^nta^ . ■ * performed on a modtfed 8 channel 

Mannheim) are add'ed to each ? vice NP1C from < GeS -' Dresden 

the reaction liquid is used to determine the initial drop high Uerman y> M DOled above, this pipetting device includes an . 

without evaporation. The chip is heated to a constant tern- 35 * YZ labIe l ° m0Ve and dis P ense from a piezo electric 

perature of 37° C. for 15 min, during which time the reaction P l P tttc * ^ active piezo electric pipettes are mounted on the 

volume is kept constant. After the reaction, the system is active block * i e - toe pipettes are able to pick up samples 

cooled to 4° C. and 25 nl of matrix is added to each position, from a microliter plate prior to dispensing reageni onto a 

whde driving the target temperature to RT for optimal An support, such as a microchip type support SpectroChio™ 

With r**^* tn ,u r L k ' llD lhe P^ive bl°<* system 1 quid can be added 

observed. Tne genotype epsiion 3 resuKr exaTpk ,n * ^ ^ t?™™ PipMt& m CODDeCIed 10 lheir 

fragments having molecular masses of 6749 Da 15n Da PlUDP syslcm ( dlluter )- Each piezo electric pipette of the 

14858 Da, 18839 Da, 29708 Da and 33331 Da. ' ' acIlv e/passive block is addressable with its own piezo elec- 

tric dispensing parameters io order to do pipette selection. 
EXAMPLE 7 jQ The other ends of the diluters are connected to a reservoir 

Nanoliter Liquid Hurtling System For Real Time ' ^ Coma * s J s f !em ^ uid ( 50 *™P** water). Valve 
DNA Sequencing By Detection of Kophosphl ^ * ^ ddU ' erS a " 0W 10 ^ ^ ^ uid <° "* 

Release ' piezo electric pipette(s). 

jsss saswfsss sew: - -iB^^tsitrrs: 

mym.ric tata™,* a iXrJo7d." ™Ls y ,te «">»•■'»• LFI- 

amount of inorganic pyrophosphate ("ELIDA assav"- see lemperature is measured via PT 500 type F3132. 

Ronagbi et al.Anal. Biochem. 267:65-71 (1999)- Ronaghi SyStem Uquid fa bealed 10 lar S el 'emperarure directlv in the 

et al., Bioieclmiques 25:876-878, 880-882. and 884 (1998)- pipeUes of ,he ^ ivt block 10 keep the temperature gradi- 

Konaghi et al., Science 281:363-365 (1998); Ronaghi et al ' eDl ^tween reaction liquid on the tatget and subsequently 

lerSSfioSS 4 ^ 9 (1 " 6); NyreD - Anal Bi0chem ' addedsys,em ^ uid Mro - Tb e SpectroChipTM microchip has 

p^" " ( 97 modified hydrophobic positions, which allow the reaction 

, «?„ Zl r , sec ' uenciD S is Performed as follows. Either l"J"' d » grow only in the z^irection; 96 positions can be 

a il d suD D o? P l a lh r r , CR Pr0d u C1 15 ifflmobili2ed omo 65 ^d as reaction positions, one of which is used to monitor 

St! 0 ,!; rd K£: u b c ; z ; sisr? emp,oyu,g ,he : caclion for examp,e - a ^ ° ptic « ver >- c,ose 

P ceaures such as the strep.avid.n btot.n system or to the reaction position. Tbe fiber optic is connected to a 
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phoiomuhiplier to convert the luminescence signal to an 7. The reaction is stopped by rinsing the immobilized DNA 

ekc.ncs.go. A bandpass filter .s placed between fiber optic with washing soli 1 Lm pipette 2 

nd | p otomultipher Be 97«h position (dummy posiuon) is 8. The immobilized DNA is washed by addition of wash.no 

descnbed in Example 1. The who e system s covered and 5 a d„„ „ 

darkened to reduce background effect while obtatokg Z \ ,S a * aul de P oslted onl ° lhe chi P by pipeue 
fluorescence signal. 

The universal reaction mix contains 0.1 M Tris-acetate ^ ^ ^ ° f ^ " fl0 ° d DUCle ° tidC (dCIT) USmg 

(PH 7.75), 2 mM EDTA, 10 mM magnesium JtZ oS, TTTi IT? * ^ " C ° rP ° ratl0n ^ * 

BSA, 1 mM dithiothreitol, 5 /<M adenosine 10 * , luminescence is monitored; the reaction is 

5 -phosphosulfate (APS), 0.4 mg/ml polyvinylpyrrolidone t0 Pr0Ceed f ° r 10 SCCOnds ' durin S which lime lhe 

100 /<g/ml D-luciferin (bioOrbit, Finland), 4 ^g/mi reacll0Q volume ^ ^ constant by sequential addition of 

L-Luciferin (BioOrbit, Finland), 0.3 U/ml ATP sulfurylase WSler tbr ° Ugb pipette X /Uie incorporation is identified by 

(AJP:suIfate adenylyltransferase; EC 2.7.7.4; Sigma Chemi- increased luminescence, intensities are analyzed to deter- 

cal Co., St. Louis, Mo.), purified luciferase (Sigma) to yield 15 miDe lhc Dumbcr of sawmill incorporation of the 

a useable luminometric response, and 2.5 U DNA poly- respective nucleotide. 

merase (Sequenase 2.0, Amersham). Nucleotide triphos- 11. The reaction is stopped by rinsing the immobilized DNA 

phate mixes include 4 separate mixes containing an aqueous Wlln asmn S solution I from pipette 2. 

solution of either 50 juM S-dATP, dCTP, dGTP and dTTP. 20 12 - ^ immobilized DNA is washed by addition of washing 

Washing solution I is 10 mM Tris-HCl (pH 7.5), 0.25 M solution II from pipette 8. 

NaCl, 0.1% Tween 20. Washing solution II is 10 mM 13. Reaction mix is again deposited onto the chip by pipette 

Tns-acetate (pH 7.5). Primer solution is an aqueous solution 3. 

of 200 uM of sequencing primer 14. Upon addition of the third nucleotide (dGTP) using 

PCR product is amplified from target DNA using a 25 piezoelectric pipette Nr. 6, the incorporation reaction is 

mS h *Ta\ amplifical r ^ UClS are stored » a carted and the luminescence is monitored; the reaction is 

MTP and supplied to the nanohquid handling device. PCR a n™,^ frt At m ^ , - 

product is pipetted from the MTP on the chip using the allowed to proceed for 10 seconds, during which time the 

piezoelectric pipette of the nanoliquid handling system. PCR feaCll ° D V ° iUmC 15 kepl COnSlaDl by addition of 

product is immobilized on the chip surface via SIAB 3 ° water through pipette l.The incorporation is identified by 

chemistry, and is denatured upon addition of 5 nl of 100 mM increased luminescence. Intensities are analyzed to deter- 

NaOH using the piezoelectric pipette of the nanoliquid mme lne number of sequential incorporation of the 

handling system. Remaining immobilized single stranded respective nucleotide. 

PCR product is washed with 10 mM.Tris-HCI (pH 8.0) 35 15. The reaction is stopped by rinsing the immobilized DNA 

tw i ce - with washing solution I from pipette 2. 

Sequencing reactions are performed using an 8-channel I 6 - Tn e immobilized DNA is washed by addition of washing 

piezoelectric pipette for automated performance of the solution II from pipette 8. 

cycled stepwise nucleotide addition. One pipette is filed with 17 - Reacl ion mix is again deposited onto the chip by pipette 

water, one with the reaction mix, four pipettes are necessary 3 - 

to contain the separate nucleotides and two pipettes contain 18, Upon addilion of lt >e fourth nucleotide (dTTP) using 

the washing solutions. Sequencing is performed as follows:. piezoelectric pipette Nr. 7, the incorporation reaction is 

1. The piezoelectric pipette of the nanoliquid handling started and the luminescence is monitored; the reaction is 
system fills with the sequencing primer solution of the 45 allowed to proceed for 10 seconds, during which lime 

MTP^and adds it to the immobilized template strand on reaction volume is kept constant by sequential addition of 

7 liift„L,,.c rt f^u a.u cu * -u L water through pipette l.The incorporation is identified bv 

1. All 8 pipettes of the head then are filled with the respect ve • „„ ... , 

solutions from the supplv MTP. mCTt ™ 6 lumiDesceDCC - Inte ™ties are analyzed to deter- 

3. The chip well is heated to 95° C. to denature secondary 50 mme the DUmber of se( ? uen * ial incorporation of the 
structure of the PCR product and is slowly cooled to RT respective nucleotide. 

to allow annealing of the sequencing primer. During this I 9 - ^ reaction is stopped by rinsing the immobilized DNA 

thermal step, evaporation is prevented by sequential addi- ^th washing solution I from pipette 2. 

tion of water droplets from a piezoelectric pipette Nr. 1. 20. The immobilized DNA is washed by addition of washing 

4. The primer template hybrid is washed by addition of the 55 solution II from pipette 8. 

_ washing solution I from a piezoelectric pipette Nr.2. 21. Reaction mix is again deposited onto the chip bv pipette 

5. The reaction mix is added to the primer template system 3. 

using the corresponding piezoelectric pipette Nr.3. 22. The reaction scheme proceeds in a cvcled manner bv 

6. Upon addition of the first nucleotide (SdATP) using looping back to step 6 

piezoelectric pipette Nr. 4, the incorporation reaction is 60 While the invention has been described with some 

initiated and luminescence is monitored: the reaction is -c ->n • 

allowed ropioo^^lO^^^SSSi Tu I ^ ***** * **" ^ 

reaction volume is maintained by sequential addition of m m may be made wlthoul ^P^g from tDe 

water through pipette 1. Incorporation is identified bv scope of lne invention. Since such modifications will be 
increased luminescence. Intensities are analyzed to deter- 65 apparent to those of skill in the art, it is intended that this 

mine the number of sequential incorporation of the invention be limited only bv the scope of the appended 

respective nucleotide. claims. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 8 

<210> SEQ ID NO 1 - 
<211> LENGTH: 25 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: Synthesized 

primer 
<220> FEATURE: 
<221> NAME /KEY: primer.bind 
<222> LOCATION: (1)..(25) 

<223> OTHER INFORMATION: Forward PCR primer for human B-actin gene 
<4 00> SEQUENCE: 1 
tcacccacac tgtgcccatc tacga 



<210> SEQ ID NO 2 
<211> LENGTH : 25 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description 

primer 
<220> FEATURE: 
<22U NAME /KEY: primer.bind 
<222> LOCATION: (1)..(25) 
<223> OTHER INFORMATION: Reverse PCR 

<4 00> SEQUENCE: 2 

cagcggaacc gctcattgcc aatgg 



of Artificial Sequence: Synthetic 



primer for human B-actin gene 



25 



<210> SEQ ID NO 3 

<211> LENGTH: 25 

<212> TYPE: DNA i 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

probe 
<220> FEATURE: 

<221> NAME/KEY: misc.feature 
<222> LOCATION: (I).. (25) 

<223> OTHER INFORMATION: dual fluorophore-labeled probe that is 

complementary to B-actin specific PCR product 
<220> FEATURE : r 
<221> NAME/KEY: modified^base 
<222> LOCATION: (1) 

<223> OTHER INFORMATION: 6-carboxyfluorescein at 5'-end 
<220> FEATURE: 

<221> NAME /KEY : mcdified.base 
<222> LOCATION: (7) 

<223> OTHER INFORMATION: 6-carboxytetramethyl-rhodamine - labeled 
cytosine at position 7 

<400> SEQUENCE: 3 

atgccccccc catgccatcc tgcgt 25 

<210> SEQ ID NO 4 
<21I> LENGTH: 23 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 
<220> FEATURE: 
<221> NAME /KEY : primer.bind 
<2 22> LOCATION: (1)..(23) 

<223> OTHER INFORMATION: Forward PCR primer for 389 bp human B-actin 

cDNA insert 
<220> FEATURE: 
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-cont inued 

<221> NAME /KEY : modi£ed_base — — 

<222> LOCATION: (1) 

<223> OTHER INFORMATION: Biotinylation at the 5'. end 
<4 00> SEQUENCE: 4 
gactgactac ctcatgaaga tec 



<210> SEQ ID NO 5 
<211> LENGTH: 20 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: Synthetic 

primer 
<220> FEATURE: 
<221> NAME /KEY: primer.bind 
<222> LOCATION: (1) . . (20) 

<223> OTHER INFORMATION: Reverse PCR primer for 389 bp human B-actin 
cDNA insert 

<4 00> SEQUENCE: 5 

gaagctgtag ccgcgctcgg. 



<2"10> SEQ ID NO 6 
<211> LENGTH: 18 
<212> TYPE: DNA 

<2I3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Syntheti. 

primer 
<220> FEATURE: 
<221> NAME /KEY: primer.bind 
<222> LOCATION: (1).'. (18) 

<223> OTHER INFORMATION : Forward amplification primer directed against 
exon 7 of human p53 gene 

<400> SEQUENCE: 6 

ctgcttgcca caggtctc 



<210> SEQ ID NO 7 
<2U> LENGTH: 18 
<2I2> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Syntheti. 

primer 
<220> FEATURE: 
<22I> NAME /KEY: primer.bind 
<222> LOCATION: ( 1 ) . . ( 18 ) 

<223> OTHER INFORMATION: Reverse amplification primer directed against 

exon 7 of the human p53 gene 
<220> FEATURE: 

<221> NAME /KEY : modified.base 
<222> LOCATION: (1) 

<223> OTHER INFORMATION: 5 ' -biotinylated primer 
<4C0> SEQUENCE: 7 
cacagcaggc cagtgtgc 



<2IC> SEQ ID NO 8 
<211> LENGTH: 16 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 
<220> FEATURE: 
<221> NAME/KEY: primer.bind 
<222> LOCATION: (!)..( IS) 

<221> OTHER. INFORMATION: Sequencing primer for exon 7 of human p53 gene 
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<4 00> SEQUENCE: 6 
gaggcccatc ctcacc 



20 



What is claimed is: 

1. An open system for performing a reaction while main- 
taining constant concentrations of reactants, comprising: 10 
a support for performing the reaction in an open 
environment, wherein: 

the support is for containing or retaining biopolymers or 
biological particles; and ~ 15 

the reaction is a submicroliter volume reaction; 

a nanoliter dispensing pipette for dispensing an amount of 
a liquid onto the surface of the support; 

a temperature controlling device for regulating the tem- 
perature of the support; and 

means for controlling the amount of liquid dispensed, 
wherein: 

the amount of liquid dispensed corresponds to the 
amount of liquid that evaporates from the support to „ 
thereby maintain the concentration of reactants in the " 
reaction; and 

the system is not sealed. 

2. The open system of claim 1, wherein the controlling 
means comprises software that caJcuiates the amount of , n 
liquid that evaporates and signals the dispensing pipette to 
deliver an amount of liquid that corresponds to the amount 
that evaporates. 

3. The open system of claim 1, wherein the controlling 
means comprises manual input. 

4. The open system of claim 1, further comprising a 35 
means for determining the temperature of a liquid on the 
support. 

5. The open system of claim 1, wherein the support 
comprises a bead, pin, comb, wafer, well or microchip. 

6. An open system for performing a reaction, comprising: 
a support functionalized for unking a biopolymer or 

biological particle and for performing the reaction, 
wherein the support comprises a bead, pin, comb] 
wafer, well or microchip; * 45 

a nanoliter dispensing pipette for dispensing an amount of 
a liquid onto the surface of the support; 

a temperature controlling device for regulating the tem- 
perature of the support; and 

means for controlling the amount of liquid dispensed, 50 
wherein the amount of liquid dispensed corresponds to 
the amount of liquid that evaporates from the support, 
wherein the system is not sealed. 

7. The open system of claim 1, wherein the reaction is a 
submicroliter reaction. 55 

8. A system, comprising: 

a solid support having a target site for retaining or 
containing a liquid; 

a liquid dispensing system for dispensing a liquid to the 
target site; " 1 60 

a temperature controlling system, which regulates the 
temperature of the solid support; and 

an interface for indicating an amount of liquid to be 
dispensed to the target site, wherein the amount of 6> 
iquid io be dispensed corresponds to an amount of 
liquid that evaporates from the target site, wherein 



the interface monitors the level of a liquid on the tared 
site; and 

the interface comprises a light source and a photometer. 

9. A system, comprising: 

a solid support having a target site for retaining or 
containing a liquid; 

a liquid dispensing system for dispensing a liquid to the 
target site; 

a temperature controlling system, which regulates the 

temperature of the solid support; and 
an interface for indicating an amount of liquid to be 
dispensed to the target site, wherein the amount of 
liquid to be dispensed corresponds to an amount of 
liquid that evaporates from the target site, wherein the 
interface monitors the concentration of a component in 
the liquid. 

10. The system of claim 8, wherein the temperature 
controlling system comprises a Peltier element. 

11. The system of claim 8, further comprising a detection 
system. 

12. A system comprising: 
means for dispensing a liquid; 

means for containing a reaction volume comprising a 
microchip or glass slide, wherein the microchip or glass 
slide comprises on a surface, an array of hydrophilic 
regions and adjacent hydrophobic regions; 
means for controlling the temperature of the reaction 

volume containing means; and 
means for regulating an amount of liquid dispensed from 
the liquid dispensing means based on the temperature 
of the reaction volume containing means. 

13. A method for performing a reaction in an unsealed 
environment, comprising the steps of: 

a) dispensing a predetermined submicroliter volume of 
liquid onto a target site on a surface of a support; 

b) determining an amount or rate of evaporation of the 
liquid from the target site; and 

c) dispensing a further amount of liquid to the target site, 
wherein the further amount dispensed corresponds to 
the amount of liquid that evaporates from the target 
site, thereby maintaining the reaction volumes and 
concentration of reactant at a predetermined volume 
throughout the course of the reaction. 

14. The method of claim 13, wherein the reaction is 
performed in a submicroliter volume. 

15. The method of claim 13, wherein the amount or rate 
of evaporation is determined by monitoring the temperature 
of the target site and calculating the amount or rate of 
evaporation. 

16. A method for performing a reaction in an unsealed 
environment, comprising the steps of: 

a) dispensing a predetermined submicroliter volume of 
liquid onto a target site on a surface of a support; 

b) determining an amount or rate of evaporation of the 
liquid from the target site, wherein the amount or rate 
of evaporation is determined by monitoring the con- 
ductance of the liquid at the target site: and 
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*2A'!&%Zi^£2^ % TZ of 'T d ,bal \ vaporates from the 

predetermined volume throughout the course of the f a\ j ♦ .• 

reaction. 5 d) delectm g a component of the reaction, detecting a 

17 a matUnj r~ f . component of the reaction. 

JS^ZESsiszz ! :r oa m aD uDsealed ^.rfi? maimaining ■ -7° ° f ■ «*» 

, • F * "CMcpsoi. mixture on a solid support in an unsealed environment 

a) dispensing a predetermined submicroliter volume of comprising the steps of: 

liquid onto a target site on a surface of a support; J0 a) determining the amount of liquid that evaporates from 

b) determining an amount or rate of evaporation of the lDe reaction mixture; and 

liquid from the target site; and b) dispensing into the reaction mixture an amount of 

c) dispensing a further amount of liquid to the target site, ^quid that corresponds to the amount of liquid that 
wherein the further amount dispensed corresponds to evaporates, thereby maintaining the volume of the 
the amount of liquid that evaporates from the target 15 reaction mixture, wherein the reaction mixture com- 
site, thereby maintaining the reaction volume at a P r ^ es a biopolymer. 

predetermined volume throughout the course of the 26 ^ method of claim 25, wherein the reaction mixture 

reaction, wherein the reaction is a nucleic acid ampli- comprises a biopolymer sequencing reaction. 

fication reaction. r 27. The method of claim 25, wherein the biopolvmer is a 

18. The method of claim 13, wherein the reaction is one 20 polynucleotide. 

of a plurality of reactions. 28. The method of claim 26, wherein the sequencing 

19. A method for performing a reaction in an unsealed reaction comprises a chemical cleavage reaction, 
environment, comprising the steps of: 29 ; The method of claim 26, wherein the sequencing 

a) dispensing a predetermined submicroliter volume of reaction comprises an enzymatic reaction. 

liquid onto a target site on a surface of a support; 25 30 ^ method of claim 29, wherein the enzymatic 

b) determining an amount or rate of evaporation of the reactl0n * a chain termination reaction comprising a poly- 
liquid from the target site; and merase and a cnain terminating nucleoside triphosphate. 

c) dispensing a further amount of liquid to the target site 31 ^ melh ° d ° f claim 29 ' wherein lhe enzymatic 
wherein the further amount dispensed corresponds to * an « x ^ u f clease "ftioo- 

the amount of liquid that evaporates from the target 30 , "* mcthod of claim 26 ' where in the biopolymer is a 

site, thereby maintaining the reaction volume at a Peptide. lU a c . ■ „ 

predetermined volume throughout the course of the Claim 32 ' where m the sequencing 

reaction, wherein: ~ reaction is selected from the group consisting of a chemical 

the reaction is one of a plurality of reactions and fencing reaction and an enzymatic sequencing reaction, 

the plurality of reactions are performed at 'a sinele 35 , 7* method of claun 26 > wberem lhe biopolymer is 

target site selected from the group consisting of a carbohydrate, a 

20. The method of claim 19, wherein the reactions are ^PI° leiD ' a u Proteoglycan and a lipid. 

performed simultaneously ° e melnod of claim 25, wherein the reaction mixture 

21. Themethodofclaim20,whichisamulti P lexreaction. 'TfS* 3 W^.^lj™ re3Ction * 

22. The method of claim 18, wherein each reaction in the 40 , , l ?? lhod ° f cUun 35 ' wberein lbe burner is a 
plurality is performed at a single target site. polynudeot^ 

23. A method for performing a reaction in an unsealed ,■ The l melhod of d * m 36 > w ^rein the synthesis reac- 
environment, comprising the steps of- Hod is a chemical synthesis reaction. 

a) dispensing a predetermined submicroliter volume of 2 J^'T^t ■? ^ WhC .' cin the reaC " 
liquid onto a target site on a surface of a support; 45 '2*1 ^ ' reaCU0D ' 3 P ° ly ' 

b) SSt^iSXS of evaporalion of tbe h 39 7* method of claim 38 > whereiD the bio ^™ and 

nquia irom tde target site, and the polymerase are se]ecled ffom lfa consisting of: 

predetermined volume throughout the course of the A -u 

reaction, wherein: a deox ynbonucleic acid and a DNA dependent DNA 

the reaction is one of a plurality of reactions; „ AfT^™!' a , , • « 

each reaction in the plurality is performed at a single * J'^^ ° f H d ™ C0 WS a ribonucleic 

target site- and aCld ' aD RNA de P ende ° l DNA polymerase, and a DNA 

the method 'comprises synthesis of a combinatorial ^ ^iT^T?^ « u 
library. 41 ] ° e metnod of claim 38, wherem the enz\'matic 

24. A method for performing a reaction in an unsealed SyDlheSiS re3Cti ° n f is 3 P ol y merasc cha * reaction, further 
environment, comprising the steps of: 60 ^P™"* a * l of primers. 

a) dispensing a predetermmed submicroliter volume of of Z^' ' wh ?* 3 P™" ° f lhe 561 
liquid onto a target site on a surface of a support; S^SH i ^ ^ . 

b) determinina an a mn„nt „, t c L 3 " ^ melhod of chm 35 ^ wherem the biopolvmer is a 
determining an amount or rate of evaporation of the polypeptide ' 

kqud from ,he targe, site; and „ 44 m me , bod of ^ ^ 

O d-spensmg a further amoum of bquid to the targe, site, selected from the group consisting of a carbohvdrl. a 
wherem the further amount dtspensed corresponds to glycoprotein, a proteoglycan and a lipid. 
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45. The method of claim 35, wherein the biopolymer is a 
polynucleotide and the reaction mixture comprises a primer 
extension reaction. 

46. The method of claim 45, wherein the primer extension 
reaction is selected from the group consisting of: 

competitive oligonucleotide single base extension; 
primer oligo base extension (PROBE); 
loop-PROBE; and 
telomeric repeat amplification. 

47. The method of claim 25, wherein the reaction mixture 
comprises an assay for detecting the presence of the biopoly- 
mer. 

48. The method of claim 47, wherein the biopolymer is 
obtained from a biological sample. 

49. The method of claim 48, wherein the method com- 
prises a diagnostic method for detecting the presence of or 
predisposition to a genetic disease or condition. 

50. The method of claim 48, wherein the method com- 
prises determining a genotype. 

51. The method of claim 25, wherein the biopolymer is 
immobilized to the solid support. 

52. The method of claim 47, comprising detecting the 
biopolymer by identifying a detector oligonucleotide that 
has hybridized to the biopolymer. 

53. The method of claim 52, wherein the detector oligo- 
nucleotide comprises a peptide nucleic acid sequence. 

54. A method for performing a plurality of reactions in an 
unsealed environments, comprising the steps of: 

a) providing a plurality of reaction mixtures, wherein each 
reaction in the plurality is at a target site on a surface 
of a solid support; 

b) monitoring the amount of liquid that evaporates from 
reaction mixtures in the plurality; and 

c) dispensing into the reaction mixtures an amount of 
liquid that corresponds to the amount of liquid that 
evaporates from the reaction mixtures, thereby main- 
taining the volume of the reaction mixtures in the 
plurality at a predetermined volume, wherein one or 
more of the reaction mixtures in the plurality comprises 
one or more biopolymers. 

55. The method of claim 54, wherein a biopolymer 
present in a reaction mixture is immobilized to the solid 
support. 

56. The method of claim 54, wherein the solid support 
comprises a microchip. 

57. The method of claim 56, wherein the plurality of 
reaction mixtures is present in an array on the microchip. 

58. A method for performing a plurality of reactions in an 
unsealed environments, comprising the steps of: 

a) providing a plurality of reaction mixtures, wherein each 
reaction in the plurality is at a target site on a surface 
of a solid support; 

b) monitoring the amount of liquid that evaporates from 
reaction mixtures in the plurality; 
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c) dispensing into the reaction mixtures an amount of 
liquid that corresponds to the amount of liquid that 
evaporates from the reaction mixtures, thereby main- 
taining the volume of the reaction mixtures in the 
plurality at a predetermined volume; and 

d) detecting a component of a reaction mixture in the 
plurality. 

59. The method of claim 58, wherein the component is a 
biopolymer. 

60. The method of claim 59, wherein the biopolymer is 
detected directly. 

61. The method of claim 59, wherein the biopolymer is 
detected indirectly. 

62. The method of claim 61, wherein the biopolymer is a 
polynucleotide, which is detected by detecting an amplifi- 
cation product produced from the polynucleotide. 

63. The method of claim 61, wherein the biopolymer is 
detected by identifying a reagent that binds specifically to 
the biopolymer. 

64. The method of claim 63, wherein the biopolymer is a 
polynucleotide and the reagent is an oligonucleotide that 
hybridizes specifically to the polynucleotide. 

65. The method of claim 64, wherein the oligonucleotide 
is a primer, which has been extended due to the activity of 
a polymerase. 

66. The method of claim 63, wherein the biopolymer is a 
first polypeptide and the reagent is a second polypeptide that 
binds specifically to the first polypeptide. 

67. The method of claim 63, wherein the second polypep- 
tide is an antibody. 

68. The method of claim 58, wherein the component is 
detected by a method selected from mass spectrometry, 
spectrophotometry, and capillary electrophoresis. 

69. A method for performing a plurality of reactions in an 
unsealed environment, comprising: 

a) providing a plurality of reaction mixtures, wherein each 
reaction in the plurality is performed at a target site on 
a surface of a solid support that contains or retains the 
reaction mixtures; 

b) monitoring the amount of liquid that evaporates from 
reaction mixtures in the plurality; and 

c) dispensing into the reaction mixtures an amount of 
liquid that corresponds to the amount of liquid that 
evaporates from the reaction mixtures, thereby main- 
taining the volume of the reaction mixtures in the 
plurality at a predetermined volume, whereby the con- 
centrations of reactants in the reaction mixtures remain 
constant. 

70. The system of claim 14, wherein the temperature 
controlling system comprises a Peltier element. 

71. The system of claim 14, further comprising a detection 
svstem. 
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ARRAYS OF PROTEIN-CAPTURE AGENTS 
AND METHODS OF USE THEREOF 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

The present invention relates generally to arrays of protein-capture agents and 
methods for the parallel detection and analysis of up to a large number of proteins 
in a sample. More specifically, the present invention relates to proteomics and the 
measurement of gene activity at the protein level in cells. 

b) Description of Related Art 

Although attempts to evaluate gene activity and to decipher biological processes 
including those of disease processes and drug effects have traditionally focused on 
genomics, proteomics offers a more direct and promising look at the biological 
functions of a cell. Proteomics involves the qualitative and quantitative 
measurement of gene activity by detecting and quantitating expression at the 
protein level, rather than at the messenger RNA level. Proteomics also involves 
the study of non-genome encoded events including the post-translational 
modification of proteins, interactions between proteins, and the location of 
proteins within the cell. The structure, function, or level of activity of the proteins 
expressed by a cell are also of interest. Essentially, proteomics involves the study 
of part or all of the status of the total protein contained within or secreted by a 
cell. 

The study of gene expression at the protein level is important because many of the 
most important cellular processes are regulated by the protein status of the cell, 
not by the status of gene expression. Also, the protein content of a cell is highly 
relevant to drug discovery efforts since most drugs are designed to be active 
against protein targets. 

Measuring the mRNA abundances of a cell provides only an indirect and 
incomplete assessment of the protem content of a cell. The level of active protein 
that is produced in a cell is often determined by factors other than the amount of 
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mRNA produced. For instance, both protein maturation and protein degradation 
are actively controlled in the cell and a protein's activity status can be regulated 
by post-translational modifications. Studies comparing mRNA transcript 
abundances to protein abundances have found only a limited correlation 
(coefficient of about 0.43-0.48) between the two (Anderson and Anderson, 
Electrophoresis, 19:1853-1861, 1998). Furthermore, the extreme lability of RNA 
in samples due to chemical and enzymatic degradation makes the evaluation of 
genetic expression at the protein level more practical than at the mRNA level. 
Current technologies for the analysis of proteomes are based on a variety of 
protein separation techniques followed by identification of the separated proteins. 
The most popular method is based on 2D-gel electrophoresis followed by "in-gel" 
proteolytic digestion and mass spectroscopy. Alternatively, Edman methods may 
be used for the sequencing. This 2D-gel technique requires large sample sizes, is 
time consuming, and is currently limited in its ability to reproducibly resolve a 
significant fraction of the proteins expressed by a human cell. Techniques 
involving some large-format 2D-gels can produce gels which separate a larger 
number of proteins than traditional 2D-gel techniques, but reproducibility is still 
poor and over 95% of the spots cannot be sequenced due to limitations with 
respect to sensitivity of the available sequencing techniques. The electrophoretic 
techniques are also plagued by a bias towards proteins of high abundance. 
Standard assays for the presence of an analyte in a solution, such as those 
commonly used for diagnostics, for instance, involve the use of an antibody which 
has been raised against the targeted antigen. Multianalyte assays known in the art 
involve the use of multiple antibodies and are directed towards assaying for 
multiple analytes. However, these multianalyte assays have not been directed 
towards assaying the total or partial protein content of a cell or cell population. 
Furthermore, sample sizes required to adapt such standard antibody assay 
approaches to the analysis of even a fraction of the estimated 100,000 or more 
different proteins of a human cell and their various modified states are 
prohibitively large. Automation and/or nuniaturization of antibody assays are 
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required if large numbers of proteins are to be assayed simultaneously. Materials, 
surface coatings, and detection methods used for macroscopic immunoassays and' 
affinity purification are not readily transferable to the formation or fabrication of 
miniaturized protein arrays. 

Miniaturized DNA chip technologies have been developed (for example, see U.S. 
Patent Nos. 5,412,087, 5,445,934, and 5,744,305) and are currently being 
exploited for the screening of gene expression at the mRNA level. These chips 
can be used to determine which genes are expressed by different types of cells and 
in response to different conditions. However, DNA biochip technology is not 
transferable to protein-binding assays such as antibody assays because the 
chemistries and materials used for DNA biochips are not readily transferable to 
use with proteins. Nucleic acids such as DNA withstand temperatures up to 
100°C, can be dried and re-hydrated without loss of activity, and can be bound 
physically or chemically directly to organic adhesion layers supported by 
materials such as glass while maintaining their activity. In contrast, proteins such 
as antibodies are preferably kept hydrated and at ambient temperatures are 
sensitive to the physical and chemical properties of the support materials. 
Therefore, maintaining protein activity at the liquid-solid interface requires 
entirely different immobilization strategies than those used for nucleic acids. The 
proper orientation of the antibody or other protein at the interface is desirable to 
ensure accessibility of their active sites with interacting molecules. With 
niiniaturization of the chip and decreased feature sizes, the ratio of accessible to 
non-accessible and the ratio of active to inactive antibodies or proteins become 
increasingly relevant and important. 

Thus, there is a need for the ability to assay in parallel a multitude of proteins 
expressed by a cell or a population of cells in an organism, including up to the 
total set of proteins expressed by the cell or cells. 

SUMMARY OF THE INVENTION 
The present invention is directed to arrays of protein-capture agents and methods 
of use thereof that satisfy the need to assay in parallel a multitude of proteins 
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expressed by a ceU or population of cetls in . otganism, tehding up t0 Ae ^ 
protein content of a cell. 

In one embodiment the present invention provides an array of 
protem-captnre agents comprising: a substrate; at least one organio thiniilm 
covenng some or all of me surface of the substrate; and a pluralhy of patches 
arranged in discrete, known regions on the portions of the substrate surface 
covered by organic minfilm, wherein (i) each patch comprises protein-captiue 
agents unmobiUzed on me organic minfilm, wbere the protein-captme agents of a 
gtven patch are capable of btndutg a particular expression product, or a fragment 
thereof, of a cell or population of cells in an organism; and (ii) me artay comprises 
a plurahty of differen. protein-capmre agents, each of whtch is capable of bmdmg 
a thffeten. expression product, or fragment thereof, of the cell or population of 
cells in the organism. 

In a second embodiment, the invention provides an amy of bound proteins 
whtch comprises bom the array of protein-capture agents of the invention and a 
Pluraltty of different protems which are expression products, or fragments thereof 
of a cell or population of cells in an organism, where each of the differen. proteins 
■a bound to a protein-capture agent on a separate patch of the array 
Methods of using me artays of protein-capture agents of the invention aro also 
provrded. In one embodiment of me mvention, a method of assaying in parallel 
for a plurafity of different proteins in . smple whlch „ ^ ^ ^ 
fragments thereof, of a cell or a population of ceUs in an organism, is provided 
whtch comprises first delivering me sample to me array of protein-capmre agents 
of me mvention under conditions suitable for protem binding, wherem each of the 
protetns being assayed is a binding parmer of me protein-oapnare agent of a, teas, 
one patch on the anay. The final step comprises detecting, etmer directly or 
tndtrectiy, for me presence or amount of protein bound to each patch of the amy 
Thrs method optionally fmther comprises the step of further characterizing the 
proteins bound to at least one patch of the atray. 
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In another embodiment of the invention, a method for determining the protein 
expression pattern of a cell or a population of cells in an organism is provided 
which comprises first delivering a sample containing the expression products, or 
fragments thereof, of the cell or population of cells to the array of protein-capture 
agents of the invention under conditions suitable for protein binding. The final 
step comprises detecting, either directly or indirectly, for the presence or amount 
of protein bound to each patch of the array. In an alternative embodiment, a 
similar method for comparing the protein expression patterns of two cells or 
populations of cells is also provided. 

In still another embodiment of the invention, an alternative method of assaying in 
parallel for a plurality of different proteins in a sample which are expression 
products, or fragments thereof, of a cell or a population of cells in an organism is 
provided. The method of this embodiment comprises first contacting the sample 
with an array of spatially distinct patches of different protein-capture agents under 
conditions suitable for protein binding, wherein each of the proteins being assayed 
is a binding partner of the protein-capture agent of at least one patch on the array. 
The last step of the method involves detecting, either directly or indirectly, for the 
presence or amount of protein bound to each patch of the array. 
In a still further embodiment, a method of producing an array of protein-capture 
agents is provided which comprises the following steps: selecting protein-capture 
agents from a library of protein-capture agents, wherein the protein-capture agents 
are selected by their binding affinity to the proteins from a cellular extract or body 
fluid; producing a plurality of purified samples of the selected protein-capture 
agents; and immobilizing the protein-capture agent of each different purified 
sample onto an organic thinfilm on a separate patch on the substrate surface to 
form a plurality of patches of protein-capture agents on discrete, known regions of 
the surface of a substrate. 

In an alternative embodiment, the invention provides a method for producing an 
array of protein-capture agents which comprises a first step of selecting protein- 
capture agents from a library of protein-capture agents, wherein the protein- 
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capture agents are selected by their binding affinity to proteins which are the 
expression products, or fragments thereof, of a cDNA expression library. The 
second step of the method comprises producing a plurality of purified samples of 
the protein-capture agents selected in the first step. The third step comprises 
immobilizing the protein-capture agent of each different purified sample onto an 
organic thinfilm on a separate patch on the substrate surface to form a plurality of 
patches of protein-capture agents on discrete, known regions of the surface of a 
• substrate. 

BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 shows the top view of an array of patches reactive towards protein- 
capture agents. 

Figure 2 shows the cross section of an individual patch of the array of Figure 1. 
Figure 3 shows the cross section of a row of monolayer-covered patches of the 
array of Figure 1. 

Figure 4 shows a thiolreactive monolayer on a substrate. 

Figure 5 shows an aminoreactive monolayer on a coated substrate. 

Figure 6 shows the immobilization of a protein-capture agent on a monolayer- 

coated substrate via an affinity tag. 

Figure 7 shows the immobilization of a protein-capture agent on a monolayer- 
coated substrate via an affinity tag and an adaptor. 

Figure 8 shows a schematic of a fluorescence detection unit which may be used to 
monitor binding of proteins by the protein-capture agents of the array. 
Figure 9 shows a schematic of an ellipsometric detection unit which may be used 
to monitor binding of proteins by the protein-capture agents of the array. 

DETAILED DESCRIPTION OF THE INVENTION 
A variety of arrays of protein-capture agents and methods useful for multianalyte 
analyses and analyses of protein expression and modification in cells are provided 
by the present invention. 
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(a) Definitions. 

The term "protein-capture agent" means a molecule or a multi-molecular complex 
which can bind a protein to itself. Protein-capture agents preferably bind their 
binding partners in a substantially specific manner. Protein-capture agents with a 
dissociation constant (K D ) of less than about 10" 6 are preferred. The protein- 
capture agent will most typically be a biomolecule such as a protein or a 
polynucleotide. The biomolecule may optionally be a naturally occurring, 
recombinant, or synthetic biomolecule. Antibodies or antibody fragments are 
highly suitable as protein-capture agents. Antigens may also serve as protein- 
capture agents, since they are capable of binding antibodies. A receptor which 
binds a protein ligand is another example of a possible protein-capture agent. For 
instance, protein-capture agents are understood not to be limited to agents which 
only interact with their binding partners through noncovalent interactions. 
Protein-capture agents may also optionally become covalently attached to proteins 
which they bind. For instance, the protein-capture agent may be photocrosslinked 
to its binding partner following binding. 

The term "binding partner" means a protein which is bound by a particular 
protein-capture agent, preferably in a substantially specific manner. In some 
cases, the protein-capture agent may be a cellular or extracellular protein and the 
binding partner may be the entity normally bound in vivo. In other embodiments, 
however, the binding partner may be the protein or peptide on which the protein-' 
capture agent was selected (through in vitro or in vivo selection) or raised (as in 
the case of antibodies). A binding partner may be shared by more than one 
protein-capture agent. For instance, a binding partner which is bound by a 
variety of polyclonal antibodies may bear a number of different epitopes. One 
protein-capture agent may also bind to a multitude of binding partners, for 
instance, if the binding partners share the same epitope. 
A "protein" means a polymer of amino acid residues linked together by peptide 
bonds. The term, as used herein, refers to proteins, polypeptides, and peptides of 
any size, structure, or function. Typically, however, a protein will be at least six 
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amino acids long. Preferably, if the protein is a short peptide, it will be at least 
about 10 amino acid residues long. A protein may be naturally occurring, 
recombinant, or synthetic, or any combination of these. A protein may also be " 
just a fragment of a naturally occurring protein or peptide. A protein may be a 
smgle molecule or may be a multi-molecular complex. The term protein may also 
apply to amino acid polymers in which one or more amino acid residues is an 
artificial chemical analogue of a corresponding naturally occurring amino acid. 
An amino acid polymer in which one or more amino acid residues is an 
"unnatural" amino acid, not corresponding to any naturally occurring amino acid, 
is also encompassed by the use of the term "protein" herein. 
A "fragment of a protein" means a protein which is a portion of another protein. 
For instance, fragments of a proteins may be a polypeptides obtained by digesting 
full-length protein isolated from cultured cells. A fragment of a protein will 
typically comprise at least six amino acids. More typically, the fragment will 
comprise at least ten amino acids. Preferably, the fragment comprises at least 
about 16 amino acids. 

An "expression product" is a biomolecule, such as a protein, which is produced 
when a gene in an organism is expressed. An expression product may optionally 
comprise post-translational modifications. 

The term "antibody" means an immunoglobulin, whether natural or partially or 
wholly synthetically produced. All derivatives thereof which maintain specific 
binding ability are also included in the term. The term also covers any protein 
having a binding domain which is homologous or largely homologous to an 
immunoglobulin binding domain. These proteins may be derived from natural 
sources, or partly or wholly synthetically produced. An antibody may be 
monoclonal or polyclonal. The antibody may be a member of any 
immunoglobulin class, including any of the human classes: IgG, IgM, IgA, IgD, 
and IgE. Derivatives of the IgG class, however, are preferred in the present 
invention. 
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The term "antibody fragment" refers to any derivative of an antibody which is less 
than full-length. Preferably, the antibody fragment retains at least a significant 
portion of the full-length antibody's specific binding ability. Examples of 
antibody fragments include, but are not limited to, Fab, Fab', F(ab') 2 , scFv, Fv, 
dsFv diabody, and Fd fragments. The antibody fragment may be produced by any 
means. For instance, the antibody fragment may be enzymatically or chemically 
produced by fragmentation of an intact antibody or it may be recombinantly 
produced from a gene encoding the partial antibody sequence. Alternatively, the 
antibody fragment may be wholly or partially synthetically produced. The 
antibody fragment may optionally be a single chain antibody fragment. 
Alternatively, the fragment may comprise multiple chains which are linked 
together, for instance, by disulfide linkages. The fragment may also optionally be 
a multimolecular complex. A functional antibody fragment will typically 
comprise at least about 50 amino acids and more typically will comprise at least 
about 200 amino acids. 

Single-chain Fvs (scFvs) are recombinant antibody fragments consisting of only 
the variable light chain (V L ) and variable heavy chain (V H ) covalently connected 
to one another by a polypeptide linker. Either V L or V H may be the NH 2 -terminal 
domain. The polypeptide linker may be of variable length and composition so 
long as the two variable domains are bridged without serious steric interference. 
Typically, the linkers are comprised primarily of stretches of glycine and serine 
residues with some glutamic acid or lysine residues interspersed for solubility. 
"Diabodies" are dimeric scFvs. The components of diabodies typically have 
shorter peptide linkers than most scFvs and they show a preference for associating 
as dimers. 

An "Fv" fragment consists of one V H and one V L domain held together by 
noncovalent interactions. The term "dsFv" is used herein to refer to an Fv with an 
engineered intermolecular disulfide bond to stabilize the V H -V L pair. 
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geometric shape or may be irregularly shaped. For instance, the patch may be, but 
need not necessarily be, square in shape. 

"Proteomics" means the study of or the characterization of either the proteome or 
some fraction of the proteome. The "proteome" is the total collection of the 
intracellular proteins of a ceU or population of cells and the proteins secreted by 
the cell or population of cells. This characterization most typically includes 
measurements of the presence, and usually quantity, of the proteins which have 
been expressed by a cell. The function, structural characteristics (such as post 
translations modification), and location within the cell of the protems may also be 
studied. "Functional proteomics" refers to the study of the functional 
characteristics, activity level, and structural characteristics of the protein 
expression products of a cell or population of cells. 

The term "substrate" refers to the bulk, underlying, and core material of the arrays 
of the invention. 

The terms "micromachining" and "microfabrication" both refer to any number of 
techniques which are useful in the generation of microstructures (structures with 
feature sizes of sub-millimeter scale). Such technologies include, but are not 
limited to, laser ablation, electrodeposition, physical and chemical vapor 
deposition, photolithography, and wet chemical and dry etching. Related 
technologies such as injection molding and LIGA (X-ray lithography, 
electrodeposition, and molding) are also included. Most of these techniques were 
originally developed for use in semiconductors, microelectronics, and Micro- 
ElectroMechanical Systems (MEMS) but are applicable to the present invention as 
well. 

The term "coating" means a layer that is either naturally or synthetically formed 
on or applied to the surface of the substrate. For instance, exposure of a substrate, 
such as silicon, to air results in oxidation of the exposed surface. In the case of a 
substrate made of silicon, a silicon oxide coating is formed on the surface upon 
exposure to air. In other instances, the coating is not derived from the substrate 
and may be placed upon the surface via mechanical, physical, electrical, or 
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chemical means. An example of this type of coating would be a metal coating that 
is applied to a silicon or polymer substrate or a silicon nitride coating that is 
applied to a silicon substrate. Although a coating may be of any thickness, 
typically the coating has a thickness smaller than that of the substrate. 
An "interlayer" is an additional coating or layer that is positioned between the first 
coating and the substrate. Multiple interlayers may optionally be used together. 
The primary purpose of a typical interlayer is to aid adhesion between the first 
coating and the substrate. One such example is the use of a titanium or chromium 
interlayer to help adhere a gold coating to a silicon or glass surface. However, 
other possible functions of an mterlayer are also anticipated. For instance, some 
interlayers may perform a role in the detection system of the array (such as a 
semiconductor or metal layer between a nonconductive substrate and a 
nonconductive coating). 

An "organic thinfilm" is a thin layer of organic molecules which has been applied 
to a substrate or to a coating on a substrate if present. Typically, an organic 
thinfilm is less than about 20 nm thick. Optionally, an organic thinfilm may be 
lessthanabout lOnm thick. An organic thinfilm may be disordered or ordered. 
For instance, an organic thinfilm can be amorphous (such as a chemisorbed or 
spin-coated polymer) or highly organized (such as a Langmuir-Blodgett film or 
self-assembled monolayer). An organic thinfilm may be heterogeneous or 
homogeneous. Organic thinfilms which are monolayers are preferred. A lipid 
bilayer or monolayer is a preferred organic thinfilm. Optionally, the organic 
thinfilm may comprise a combination of more than one form of organic tliinfilm. 
For instance, an organic thinfilm may comprise a lipid bilayer on top of a self- 
assembled monolayer. A hydrogel may also compose an organic thinfilm. The 
organic thinfilm will typically have functionalities exposed on its surface which 
serve to enhance the surface conditions of a substrate or the coating on a substrate 
i* any of a number of ways. For instance, exposed functionalities of the organic 
thinfilm are typically useful in the binding or covalent immobilization of the 
protein-capture agents to the patches of the array. Alternatively, the organic 
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thinfilm may bear functional groups (such as polyethylene glycol (PEG)) which 
reduce the non-specific binding of molecules to the surface. Other exposed 
functionalities serve to tehter the thinfilm to the surface of the substrate or the 
coating. Particular functionalities of the organic thinfilm may also be designed to 
enable certain detection techniques to be used with the surface. Alternatively, the 
organic thinfilm may serve the purpose of preventing inactivation of a protein- 
capture agent or the protein to be bound by a protein-capture agent from occurring 
upon contact with the surface of a substrate or a coating on the surface of a 
substrate. 

A "monolayer" is a single-molecule thick organic tliinfilm. A monolayer may be 
disordered or ordered. A monolayer may optionally be a polymeric compound, 
such as a polynonionic polymer, a polyionic polymer, or a block-copolymer. For 
instance, the monolayer may be composed of a poly(amino acid) such as 
polylysine. A monolayer which is a self-assembled monolayer, however, is most 
preferred. One face of the self-assembled monolayer is typically composed of 
chemical functionalities on the termini of the organic molecules that are 
chemisorbed or physisorbed onto the surface of the substrate or, if present, the 
coating on the substrate if present. Examples of suitable functionalities of 
monolayers include the positively charged amino groups of poly-L-lysine for use 
on negatively charged surfaces and thiols for use on gold surfaces. Typically, the 
other face of the self-assembled monolayer is exposed and may bear any number 
of chemical functionalities (end groups). Preferably, the molecules of the self- 
assembled monolayer are highly ordered. 

A "self-assembled monolayer" is a monolayer which is created by the spontaneous 
assembly of molecules. The self-assembled monolayer may be ordered, 
disordered, or exhibit short- to long-range order. 
An "affinity tag" is a functional moiety capable of directly or indirectly 
immobilizing a protein-capture agent onto an exposed functionality of the organic 
thinfilm. Preferably, the affinity tag enables the site-specific immobilization and 
thus enhances orientation of the protein-capture agent onto the organic thinfilm. 
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b some case,, the affinity tag may be a simple chemical Actional group. Other 
polities include amino acids, P o M ammo acid) rags, o, fcU-leng* proteins 
Still ofher possibilities include carbohydrate and nucleic acids. For instance me 
affuuty tag may be a polynucleotide which hybridizes to mother polynucleotide 
semng as a functional group on the orgamc thtnfflm or another polynucleotide 
servmg as an adaptor. Tie affinity tag may also be a synthetic chemical moiety. If 
the organic thinfihn of each of tite patches comprises a lipid bilayer or monolayer 
then a membrane anchor is a suitable affinity tag. The affinity tag may be 

»val«.fiyorn„„c„va.«,dyatt K h«dtoth.prot.m<ap mre agent Forinstonce if 
the affintty tag „ Mvalentlv attached ,„ ^ protein . capture ^ . ^ ^ 

attached v» chemical conjugation or as a fusion protein. The affinity tag may 
also be attached to the protein-capture agent via a cleavable linkage. 
Alternatively, the affinity tag may no. be dnectly in contact with the protein- 
capture agent The affinity tag may instead be separated from the protein-capture 
agent by an adaptor. The affinity tog may immobilize the protein-capture agent to 
the orgamc thinfihn eirher through noncovalent interactions or through a covalen, 
linkage. 

An "adaptor", for purposes of this invention, is any entity that links an affinity tag 
to the protein-capture agent. The adaptor may be, but need no. necessarily be, a 
d.serete molecule that is noncovalendy attached to bom the affinity ug and me 
protein-capture agent The adaptor can instead be covalently attached to the 
affinity tog or the protehwaptare agent or both (via chemical conjugation or as a 
fuson protein, for instimce). Proteins such as fldI-l CTg th protons, polypeptides 
or peptides are typical adaptors. Other possible adaptors inc.ude carbohydra.es or 
nucleic acids. 

The tern, "fusion protein" refers to a protein composed of two or more 
polypeptides that, although typically unjoinedm their native state, are joined by 
men respective atmno and carboxyl termini through a peptide linkage to fotm a 
stogie conttnuous polypeptide, It is understood that me two or more polypeptide 
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components can either be directly joined or indirectly joined through a peptide 
linker/spacer. 

The term "normal physiological condition" means conditions that are typical 
inside a living organism or a cell. While it is recognized that some organs or 
organisms provide extreme conditions, the intra-organismal and infra-cellular 
environment normally varies around pH 7 (i.e., from pH 6.5 to pH 7.5), contains 
water as the predominant solvent, and exists at a temperature above 0°C and 
below 50°C. It will be recognized that the concentration of various salts depends 
on the organ, organism, cell, or cellular compartment used as a reference. 

(b) Arrays of the invention. 

The present invention is directed to arrays of protein-capture agents which can 
bind a plurality of proteins that are the expression products, or fragments thereof, 
of a cell or population of cells in an organism and therefore can be used to 
evaluate gene expression at the protein level. Typically, the arrays comprise 
micrometer-scale, two-dimensional patterns of patches of protein-capture agents 
immobilized on an organic thinfilm coating on the surface of the substrate. 

In one embodiment of the invention, the array of protein-capture 
agents comprises a substrate, at least one organic thinfilm covering some or all of 
the surface, of the substrate, and a plurality of patches arranged in discrete, known 
regions on the portions of the substrate surface covered by organic thinfilm 
wherein (i) each patch comprises protein-capture agents immobilized on the 
organic thinfilm, wherein said protein-capture agents of a given patch are capable 
of binding a particular expression product, or a fragment thereof, of a cell or 
population of cells in an organism, and (ii) the array comprises a plurality of 
different protein-capture agents, each of which is capable of binding a different 
expression product, or fragment thereof, of the cell or population of cells. 



The protein-capture agents are preferably covalently immobilized on the patches 
of the array, either directly or indirectly. 
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In most cases, the array will comprise at least about ten patches. In a preferred 
embodiment, the array comprises at least about 50 patches. In a particularly 
preferred embodiment the array comprises at least about 100 patches. In 
alternative preferred embodiments, the array of protein-capture agents may 
comprise more than 10 3 , 10 4 or 10 5 patches. 

The area of surface of the substrate covered by each of the patches is preferably 
no more than about 0.25 mm 2 . Preferably, the area of the substrate surface 
covered by each of the patches is between about 1 urn 2 and about 10,000 m 2 . In 
a particularly preferred embodiment, each patch covers an area of the substrate 
surface from about 100 urn 2 to about 2,500 ^n 2 . In an alternative embodiment, a 
patch on the array may cover an area of the substrate surface as small as about 
2,500 nm 2 , although patches of such small size are generally not necessary for the 
use of the array . 

The patches of the array may be of any geometric shape. For instance, the patches 
may be rectangular or circular. The patches of the array may also be irregularly 
shaped. The patches are optionally elevated from the median plan of the 
underlying substrate. 

The distance separating the patches of the array can vary. Preferably, the patches 
of the array are separated from neighboring patches by about 1 ^n to about 500 
urn. Typically, the distance separating the patches is roughly proportional to the 
diameter or side length of the patches on the array if the patches have dimensions 
greater than about 10 urn. If the patch size is smaller, then the distance 
separating the patches will typically be larger than the dimensions of the patch. 
In a preferred embodiment of the array, the patches of the array are all contained 
within an area of about 1 cm 2 or less on the surface of the substrate. In one 
preferred embodiment of the array, therefore, the array comprises 100 or more 
patches within a total area of about 1 cm 2 or less on the surface of the substrate. 
Alternatively, a particularly preferred array comprises 10 3 or more patches within 
a total area of about 1 cm 2 or less. A preferred array may even optionally 
comprise 1 0 4 or 1 0 5 or more patches within an area of about 1 cm 2 or less on the 
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surface of the substrate. In other embodiments of the invention, all of the patches 
of the array are contained within an area of about 1 mm 2 or less on the surface of 
the substrate. 

Typically, only one type of protein-capture agent is present on a single patch of 
the array. If more than one type of protein-capture agent is present on a single 
patch, all of the protein-capture agents of that patch must share a common binding 
partner. For instance, a patch may comprise a variety of polyclonal antibodies to 
the same antigen (although, potentially, the antibodies may bind different epitopes 
on that same antigen). 

The arrays of the invention can have any number of a plurality of different 
protein-capture agents. Typically the array comprises at least about ten different 
protein-capture agents. Preferably, the array comprises at least about 50 different 
protein-capture agents. More preferably, the array comprises at least about 100 
different^protein-capture agents. Alternative preferred arrays comprise more than 
about 10 3 different protein-capture agents or more than about 10 4 different 
protein-capture agents. The array may even optionally comprise more than about 
10 different protein-capture agents. 

The number of different protein-capture agents on the array will vary depending 
oh the application desired. For instance, if the array is to be used as a diagnostic 
tool in evaluating the status of a tumor or other diseased tissue in a patient, an 
array comprising less than about 100 different protein-capture agents may suffice 
since the necessary binding partners of the protein-capture agent on the array are 
limited to only those proteins whose expression is known to be indicative of the 
disease condition. However, if the array is to be used to measure a significant 
portion of the total protein content of a cell, then the array preferably comprises at 
least about 10,000 different protein-capture agents. Alternatively, a more limited 
proteomics study, such as a study of the abundances of various human 
transcription factors, for instance, might only require an array of about 100 
different protein-capture agents. 
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In one embodiment of the array, each of the patches of the array comprises a 
different protein-capture agent. For instance, an array comprising about 100 
patches could comprise about 100 different protein-capture agents. Likewise, an 
array of about 10,000 patches could comprise about 10,000 different protein- 
capture agents. In an alternative embodiment, however, each different protein- 
capture agent is immobilized on more than one separate patch on the array. For 
instance, each different protein-capture agent may optionally be present on two to 
six different patches. An array of the invention, therefore, may comprise about 
three-thousand protein-capture agent patches, but only comprise about one 
thousand different protein-capture agents since each different protein-capture 
agent is present on three different patches. 

Typically, the number of different proteins which can be bound by the plurality of 
different protein-capture agents on the array will be at least about ten. However, 
it is preferred that the plurality of different protein-capture agents on the array is 
capable of binding a higher number of different proteins, such as at least about 50 
or at least about 100. In still further preferred embodiments, the plurality of 
different proteins on the array is capable of binding at least about 10 3 proteins. 
For some applications, such as those where it is desirable to assay the entire 
protein content of a cell, or a significant fraction thereof, an array where the 
plurality of protein-capture agents is capable of binding at least about 10 4 different 
proteins or even at least about 10 s different proteins is most preferred. 
In one embodiment of the invention, the binding partners of the plurality of 
protein-capture agents on the array are proteins which are all expression products, 
or fragments thereof, of a cell or population of cells of a single organism. The 
expression products may be proteins, including peptides, of any size or function. 
They may be intracellular proteins or extracellular proteins. The expression 
products may be from a one-celled or multicellular organism. The organism may 
be a plant or an animal. In a preferred embodiment of the invention, the binding 
partners are human expression products, or fragments thereof. 
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In one embodiment of the invention, the binding partners of the protein-capture 
agents of the array may be a randomly chosen subset of all the proteins, including 
peptides, which are expressed by a cell or population of cells in a given organism 
or a subset of all the fragments of those proteins. Thus, the binding partners of the 
protein-capture agents of the array optionally represent a wide distribution of 
different proteins from a single organism. 

The binding partners of some or all of the protein-capture agents on the array need 
not necessarily be known. The binding partner of a protein-capture agent of the 
array may be a protein or peptide of unknown function. For instance, the different 
protein-capture agents of the array may together bind a wide range of cellular 
proteins from a single cell type, many of which are of unknown identity and/or 
function. 

In another embodiment of the present invention, the binding partners of the 
protein-capture agents on the array are related proteins. The different proteins 
bound by the protein-capture agents may optionally be members of the same 
protein family. The different binding partners of the protein-capture agents of the 
array may be either functionally related or just suspected of being functionally 
related. The different proteins bound by the protein-capture agents of the array 
may also be proteins which share a similarity in structure or sequence or are 
simply suspected of sharing a similarity in structure or sequence. For instance, the 
binding partners of the protein-capture agents on the array may optionally all be 
growth factor receptors, hormone receptors, neurotransmitter receptors, 
catecholamine receptors, amino acid derivative receptors, cytokine receptors 
extracellular matrix receptors, antibodies, lectins, cytokines, serpins, proteases 
kinases, phosphatases, ras-like GTPases, hydrolases, steroid hormone receptors, 
transcription factors, heat-shock transcription factors, DNA-binding proteins, ' 
zinc-finger proteins, leucine-zipper proteins, homeodomain proteins, intraceUular 
signal transduction modulators and effectors, apoptosis-related factors, DNA 
synthesis factors, DNA repair factors, DNA recombination factors, cell-surface 
antigens, hepatitis C virus (HCV) proteases or HIV proteases. 
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In an alternative embodiment of the invention, the proteins which are the binding 
partners of the protein-capture agents of the array may be fragments of the 
expression products of a cell or population of cells in an organism. 
A protein-capture agent on the array can be any molecule or complex of molecules 
which has the ability to bind a protein and immobilize it to the site of the protein- 
capture agent on the array. Preferably, the protein-capture agent binds its binding 
partner in a substantially specific manner. Hence, the protein-capture agent may 
optionally be a protein whose natural function in a cell is to specifically bind 
another protein, such as an antibody or a receptor. Alternatively, the protein- 
capture agent may instead be a partially or wholly synthetic or recombinant 
protein which specifically binds a protein. Alternatively, the protein-capture agent 
may be a protein which has been selected in vitro from a mutagenized, 
randomized, or completely random and synthetic library by its binding affinity to 
a specific protein or peptide target. The selection method used may optionally 
have been a display method such as ribosome display or phage display (see 
below). Alternatively, the protein-capture agent obtained via in vitro selection 
may be a DNA or RNA aptamer which specifically binds a protein target (for 
example: Potyrailo et al,Anal. Chem., 70:3419-25, 1998; Cohen, et al, Proc. 
Natl. Acad. Sci. USA, 95:14272-7, 1998; Fukuda, et al., Nucleic Acids Symp. Ser., 
(37):237-8, 1997). Alternatively, the in vitro selected protein-capture agent may 
be a polypeptide (Roberts and Szostak, Proc. Natl. Acad. Sci. USA, 94:12297-302, 
1997). In an alternative embodiment, the protein-capture agent may be a small 
molecule which has been selected from a combinatorial chemistry library or is 
isolated from an organism. 

In a preferred embodiment of the array, however, the protein-capture agents are 
proteins. In a particularly preferred embodiment, the protein-capture agents are 
antibodies or antibody fragments. Although antibody moieties are exemplified 
herein, it is understood that the present arrays and methods may be 
advantageously employed with other protein-capture agents. 
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The antibodies or antibody fragments of the array may optionally be single-chain 
Fvs, Fab fragments, Fab' fragments, FCab'fe fragments, Fv fragments, dsFvs 
diabodies, Fd fragments, full-length, antigen-specific polyclonal antibodies, or 
full-length monoclonal antibodies. In a preferred embodiment, the protein-capture 
agents of the array are monoclonal antibodies, Fab fragments or single-chain Fvs. 
The antibodies or antibody fragments may be monoclonal antibodies, even 
commercially available antibodies, against known, well-characterized proteins. 
Alternatively, the antibody fragments have been derived by selection from a 
library using the phage display method. If the antibody fragments are derived 
individually by selection based on binding affinity to known proteins, then, the 
binding partners of the antibody fragments are known. In an alternative 
embodiment of the invention, the antibody fragments have been derived by a 
phage display method comprising selection based on binding affinity to the 
(typically, immobilized) proteins of a cellular extract or a body fluid. In this 
embodiment, some or many of the antibody fragments of the array would bind 
proteins of unknown identity and/or function. 

Upon using the array of protein-capture agents to bind a plurality of expression 
products, or fragments thereof, an array of bound proteins is created. Thus, 
another embodiment of the invention provides an array of bound proteins which 
comprises (a) a protein-capture agent array of the invention and (b) a plurality of 
different proteins which are expression products, or fragments thereof, of a cell or 
a population of cells in an organism, wherein each of the different proteins is 
bound to a protein-capture agent on a separate patch of the array. Preferably, each 
of the different proteins is non-covalently bound to a protein-capture agent. 

(c) Substrates, coatings, and organic thinfilms. 

The substrate of the array may be either organic or inorganic, biological or non- 
biological, or any combination of these materials. In one embodiment, the 
substrate is transparent or translucent. The portion of the surface of the substrate 
on which the patches reside is preferably flat and firm or semi-firm. However, the 
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»ay of ,h e p res em Mention n «d„„ tncce ^ lybetoorento o _ 

Significant topological fe atu « s my be prcs£nt „ ^ ^ 

-tek surrounding the patches, be,wee„ fa ^ or beiKath fc 

For ntstence, walls ot other barters may separate the patches of ft, array. 

Numerous „ ate suitable for » as a substiate m the array embodiment of 
*e mvention. For ma ^ fc ^ rf fte ^ ^ ^ 

matenal selected fa. a group consisting of ^ siIic ^ ^ 
cloned pore glass, carton, alumina, titenia, ^ oxjde ^ 
^de,zeoh tes , and galbun, arse.de. Many nretels such as go,d, platinum 
alummum, copper, tibmium, and their alloys ate also options for substra.es rffc 
-y. ft, addition, many ceramics and polymers may also be used as subs** 
Poymerswhioh may be used as subatra.es include, but ate no. limited to me ' 
following: polystyrene; poltftelrajfluoroethylene (PTFE)- 
polyvinylidenediflnoride; polycarbonate; polymemyhneuiac^la.e- 

polyethyteneimine; poWemeremeDkcone; poiyoxymemy.en. 
(POM); polyvmylphenol; polylactidea; polyn.e.hac.ylinude (PMI)- 
polyalkenesulfone (PAS); polypropylethylene, polyethylene- 
polyhydroxyemylmemacodate (HEMA); polydimemylsdoxane; polyacylamide 
polyun.de; and blook-copolymers. Prefeted aubstintes for fc ^ ^ ' 
-'■con, silica, glass, and powers. The substrate on which me patches reside 
may also be a combination of any of me aforementioned subatiate materials 
An array of the present invention may optionally tether comprise a coating 
between me substiate and me organic thinfihn of its patches. Th,s coating may 
-ta b. fonned on fte substrate or appbed .0 me substiate. The subatiate can be 
modriied with a coating by using dun-film technology based, for instence on 
Physical vapor deposition (PVD), p^ma-enhanced chemical vapor deposition 
PECVD,,„ rfflamalprocesskg Alternatively, p,^^^^^^ 
tody activate ot alter the substiate and create a coating. For mstence, p,aama 
e-ch procedures can be used .0 oxidaze a polymeric surface (for example 
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polystyrene or polyethylene to expose polar functionalities such as hydroxyls, 
carboxylic acids, aldehydes and the like) which then acts as a coating. 
The coating is optionally a metal film. Possible metal films include aluminum, 
chromium, titanium, tantalum, nickel, stainless steel, zinc, lead, iron, copper, 
magnesium, manganese, cadmium, tungsten, cobalt, and alloys or oxides thereof. 
In a preferred embodiment, the metal film is a noble metal film. Noble metals that 
may be used for a coating include, but are not limited to, gold, platinum, silver, 
and copper. In an especially preferred embodiment, the coating comprises gold or 
a gold alloy. Electron-beam evaporation may be used to provide a thin coating of 
gold on the surface of the substrate. In a preferred embodiment, the metal film is 
from about 50 nm to about 500 nm in thickness. In an alternative embodiment, 
the metal film is from about 1 nm to about 1 um in thickness. 
In alternative embodiments, the coating comprises a composition selected from the 
group consisting of silicon, silicon oxide, titania, tantalum oxide, silicon nitride, 
silicon hydride, indium tin oxide, magnesium oxide, alumina, glass, hydroxylated 
surfaces, and polymers. 

In one embodiment of the invention array, the surface of the coating is atomically 
flat. In this embodiment, the mean roughness of the surface of the coating is less 
than about 5 angstroms for areas of at least 25 pm 2 In a preferred embodiment, 
the mean roughness of the surface of the coating is less than about 3 angstroms for 
areas of at least 25 um 2 . The ultraflat coating can optionally be a template- 
stripped surface as described in Hegner et ai, Surface Science, 1993, 291:39-46 

and Wagner et ai, Langmuir. 1995, 11:3867-3875, both of which are incorporated 
herein by reference. 

It is contemplated that the coatings of many arrays will require the addition of at 
least one adhesion layer between said coating and the substrate. Typically, the 
adhesion layer will be at least 6 angstroms thick and may be much thicker. For 
instance, a layer of titanium or chromium may be desirable between a silicon 
wafer and a gold coating. In an alternative embodiment, an epoxy glue such as 
Epo-tek 377®. Epo-tek 301-2® r (Epoxy Technology Inc., Billerica, 
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Massachusetts) may be preferred to aid adherence of me coatmg to me substrate 
Detections as to what material should be used for the adhesion layer would be 
obvious to one skilled in the art once materials are chosen for both the substrate 
and coating. In other embodiments, additional adhesion mediators or interlayers 
may be necessary to improve the optical properties of the array, for instance, 
waveguides for detection purposes. 

Deposition or formation of the coating (if present) on the substrate is performed 
prior to the formation of the organic thinfilm thereon. Several different types of 
coating may be combined on the surface. The coating may cover the whole 
surface of the substrate or only parts of it. The pattern of the coating may or may 
not be identical to the pattern of organic thinfilms used to immobilize the protein- 
capture agents. In one embodiment of the invention, the coating covers the 
substrate surface only at the site of the patches of protein-capture agents. 
Techmques useful for the formation of coated patches on the surface of the 
substrate which are organic ttiinfilm compatible are well known to those of " 
ordinary skill in the art. For instance, the patches of coatings on the substrate may 
optionally be fabricated by photolithography, micromolding (PCT Publication 
WO 96/29629), wet chemical or dry etching, or any combination of these. 
The organic thinfilm on which each of the patches of protein-capture agents 
resides forms a layer either on the substrate itself or on a coating covering the 
substrate. The organic thinfilm on which the protein-capture agents of the patches 
are immobilized is preferably less than about 20 nm thick. In some embodiments 
of the invention, the organic thinfilm of each of the patches may be less than 
about 10 nm thick 

A variety of different organic thinfilms are suitable for use in the present 
invention. Methods for the formation of organic thinfilms include in situ growth 
from the surface, deposition by physisorption, spin-coating, chemisorption, self- 
assembly, or plasma-initiated polymerization from gas phase. For instance, a 
hydrogel composed of a material such as dextran can serve as a suitable organic 
thinfilm on the patches of the array. In one preferred embodiment of the 
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invention, the organic thinfilm is a lipid bilayer. In another preferred 
embodiment, the organic thinfilm of each of the patches of the array is a 
monolayer. A monolayer of polyarginine or polylysine adsorbed on a negatively 
charged substrate or coating is one option for the organic thinfilm. Another option 
is a disordered monolayer of tethered polymer chains. In a particularly preferred 
embodiment, the organic thinfilm is a self-assembled monolayer. The organic 
thinfilm is most preferably a self-assembled monolayer which comprises 
• molecules of the formula X-R-Y, wherein R is a spacer, X is a functional group 
that binds R to the surface, and Y is a functional group for binding protein-capture 
agents onto the monolayer. In an alternative preferred embodiment, the self- 
assembled monolayer is comprised of molecules of the formula (X) a R(Y) b where a 
and b are, independently, integers greater than or equal to 1 and X, R, and Y are 
as previously defined. In an alternative preferred embodiment, the organic 
thinfilm comprises a combination of organic thinfilms such as a combination of a 
lipid bilayer immobilized on top of a self-assembled monolayer of molecules of 
the formula X-R-Y. As another example, a monolayer of polylysine can also 
optionally be combined with a self-assembled monolayer of molecules of the 
formula X-R-Y (see US Patent No. 5,629,2 13). 

In all cases, the coating, or the substrate itself if no coating is present, must be 
compatible with the chemical or physical adsorption of the organic thinfilm on its 
surface. For instance, if the patches comprise a coating between the substrate and 
a monolayer of molecules of the formula X-R-Y, then it is understood that the 
coating must be composed of a material for which a suitable functional group X is 
available (see below). If no such coating is present, then it is understood that the 
substrate must be composed of a material for which a suitable functional group X 
is available. 

In a preferred embodiment of the invention, the regions of the substrate surface, or 
coating surface, which separate the patches of protein-capture agents are free of 
organic thinfilm. In an alternative embodiment, the organic thinfilm extends 
beyond the area of the substrate surface, or coating surface if present covered bv 
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Throughput Microarrayer from Intelligent Bio-Instruments, Cambridge, MA) may 
also be of use in directing components of organic thinfllms to spatially distinct 
regions of the array. 

Diffusion boundaries between the patches of protein-capture agents immobilized 
on organic thinfilms such as self-assembled monolayers may be integrated as 
topographic patterns (physical barriers) or surface functionalities with orthogonal 
wetting behavior (chemical barriers). For instance, walls of substrate material or 
photoresist may be used to separate some of the patches from some of the others 
or all of the patches from each other. Alternatively, non-bioreactive organic 
thinfilms, such as monolayers, with different wettability may be used to separate 
patches from one another. 

In a preferred embodiment of the invention, each of the patches of protein-capture 
agents comprises a self-assembled monolayer of molecules of the formula X-R-Y, 
as previously defined, and the patches are separated from each other by surfaces 
free of the monolayer. 

Figure 1 shows the top view of one example of an array of patches reactive with 
protein-capture agents. On the array, a number of patches 15 cover the surface of 
the substrate 3. 

Figure 2 shows a detailed cross section of a patch 15 of the array of Figure 1. 
This view illustrates the use of a coating 5 on the substrate 3. An adhesion 
interlayer 6 is also included in the patch. On top of the patch resides a self- 
assembled monolayer 7. 

Figure 3 shows a cross section of one row of the patches 15 of the array of Figure 
1. This figure also shows the use of a cover 2 over the array. Use of the cover 2 
creates an inlet port 1 6 and an outlet port 1 7 for solutions to be passed over the 
array. 

A variety of chemical moieties may function as monolayer molecules of the 
formula X-R-Y m the array of the present invention. However, three major 
classes of monolayer formation are preferably used to expose high densities of 
reactive omega-functionalities on the patches of the array: (i) alkylsiloxane 
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monolayers ("silanes") on hydroxylated and non-hydroxylated surfaces (as taught 
in, for example, US Patent No. 5,405,766, PCT Publication WO 96/38726 US 
Patent No. 5,412,087, and US Patent No. 5,688,642); (ii) alkyl- 
thiol/dialkyldisulflde monolayers on noble metals (preferably Au(l 1 1)) (aS) for 
example, described in Allara et ai, US 4,690,715; Bamdad et ai, US 5,620,850; 
Wagner et ai, Biophysical Journal, 1996, 70:2052-2066); and (iii) alkyl 
monolayer formation on oxide-free passivated silicon (as taught in, for example 
Unforde,*/.,/ Am. Chem. Sac, 1995, 117:3145-3155, Wagner et al., Journal of 
Structural Biology, 1997, 119:189-201, US Patent No. 5,429,708) Oneof 
ordinary skill in the-a* however, will recogniZ e that many possible moieties may 
be substituted for X, R, and/or Y, dependent primarily upon the choice of 
substrate, coating, and affinity tag. Many examples of monolayers are described 
m Ulman, An Introduction to Ultrathin Organic Films: From Langmuir-Blodgett 
to Self Assembly, Academic press (1991). 

In one embodiment, the monolayer comprises molecules of the formula (X) a R(Y) b 
wherein a and b are, independently, equal to an integer between 1 and about 200 
In a preferred embodiment, a and b are, independently, equal to an integer 
between 1 and about 80. In a more preferred embodiment, a and b are, 
independently, equal to 1 or 2. In a most preferred embodiment, a and b are both 
equal to 1 (molecules of the formula X-R-Y). 

If the patches of the invention array compnse a self-assembled monolayer of 
molecules of the formula (XWft, then R may optionally compnse a linear or 
branched hydrocarbon chain from about 1 to about 400 carbons long. The 
hydrocarbon chain may comprise an alkyl, aryl, alkenyl, alkynyl, cycloalkyl, 
alkaryl, aralkyl group, or any combination thereof. If a and b are both equal to 
one, then R is typically an alkyl chain from about 3 to about 30 carbons long In a 
preferred embodiment, if a and b are both equal to one, then R is an alkyl chain 
from about 8 to about 22 carbons long and is, optionalJy, . straight alkane 
However, it is also contemplated that in an alternative embodiment, R may readily 
compnse a linear or branched hydrocarbon chain from about 2 to about 400 
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carbons long and be interrupted by at least one hetero atom. The interrupting 
hetero groups can include -0-, -CONH-, -CONHCO-, -NH-, -CSNH-, -CO-, -CS-, 
-S-, -SO-, -(OCH 2 CH 2 ) n - (where n=l-20), -(CF 2 ) n - (where n=l-22), and the like. 
Alternatively, one or more of the hydrogen moieties of R can be substituted with 
deuterium. In alternative, less preferred, embodiments, R may be more than about 
400 carbons long. 

X may be chosen as any group which affords chemisorption or physisorption of 
the monolayer onto the surface of the substrate (or the coating, if present). When 
the substrate or coating is a metal or metal alloy, X, at least prior to incorporation 
into the monolayer, can in one embodiment be chosen to be an asymmetrical or 
symmetrical disulfide, sulfide, diselenide, selenide, thiol, isonitrile, selenol, a 
trivalent phosphorus compound, isothiocyanate, isocyanate, xanthanate, 
thiocarbamate, a phosphine, an amine, thio acid or a dithio acid. This 
embodiment is especially preferred when a coating or substrate is used that is a 
noble metal such as gold, silver, or platinum. 

If the substrate of the array is a material such as silicon, silicon oxide, indium tin 
oxide, magnesium oxide, alumina, quartz, glass, or silica, then the array of one 
embodiment of the invention comprises an X that, prior to incorporation into said 
monolayer, is a monohalosilane, dihalosilane, trihalosilane, trialkoxysilane, 
dialkoxysilane, or a monoalkoxysilane. Among these silanes, trichlorosilane and 
trialkoxysilane are particularly preferred. 

In a preferred embodiment of the invention, the substrate is selected from the 
group consisting of silicon, silicon dioxide, indium tin oxide, alumina, glass, and 
titania; and X, prior to incorporation into said monolayer, is selected from the 
group consisting of a monohalosilane, dihalosilane, trihalosilane, trichlorosilane, 
trialkoxysilane, dialkoxysilane, monoalkoxysilane, carboxylic acids, and 
phosphates. 

In another preferred embodiment of the invention, the substrate of the array is 
silicon and X is an olefin. 
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In still another preferred embodiment of the invention, the coating (or the 
substrate if no coating is present) is titania or tantalum oxide and X is a phosphate. 
In other embodiments, the surface of the substrate (or coating thereon) is 
composed of a material such as titanium oxide, tantalum oxide, indium tin oxide, 
magnesium oxide, or alumina where X is a carboxylic acid or alkylphosphoric 
acid. Alternatively, if the surface of the substrate (or coating thereon) of the array 
is copper, then X may optionally be a hydroxamic acid. 
If the substrate used in the invention is a polymer, then in many cases a coating on 
the substrate such as a copper coating will be included in the array. An 
appropriate functional group X for the coating would then be chosen for use in the 
array. In an alternative embodiment comprising a polymer substrate, the surface 
of the polymer may be plasma-modified to expose desirable surface functionalities 
for monolayer formation. For instance, EP 780423 describes the use of a 
monolayer molecule that has an alkene X functionality on a plasma exposed 
surface. Still another possibility for the invention array comprised of a polymer is 
that the surface of the polymer on which the monolayer is formed is 
functionalized by copolymerization of appropriately functionalized precursor 
molecules. 

Another possibility is that prior to incorporation into the monolayer, X can be a 
free-radical-producing moiety. This functional group is especially appropriate 
when the surface on which the monolayer is formed is a hydrogenated silicon 
surface. Possible free-radical producing moieties include, but are not limited to, 
diacylperoxides, peroxides, and azo compounds. Alternatively, unsaturated 
moieties such as unsubstituted alkenes, alkynes, cyano compounds and isonitrile 
compounds can be used for X, if the reaction with X is accompanied by 
ultraviolet, infrared, visible, or microwave radiation. 

In alternative embodiments, X, prior to incorporation into the monolayer, may be 
a hydroxyl, carboxyl, vinyl, sulfonyl, phosphoryl, silicon hydride, or an amino 
group. 
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The component, Y, of the monolayer is a functional group responsible for binding 
a protein-capture agent onto the monolayer. In a preferred embodiment of the 
invention, the Y group is either highly reactive (activated) towards the protein- 
capture agent (or its affinity tag) or is easily converted into such an activated 
form. In a preferred embodiment, the coupling of Y with the protein-capture 
agent occurs readily under normal physiological conditions not detrimental to the 
ability of the protein-capture agent to bind its binding partner. The functional 
group Y may either form a covalent linkage or a noncovalent linkage with the 
protein-capture agent (or its affinity tag, if present). In a preferred embodiment, 
the functional group Y forms a covalent linkage with the protein-capture agent or 
its affinity tag. It is understood that following the attachment of the protein- 
capture agent (with or without an affinity tag) to Y, the chemical nature of Y may 
have changed. Upon attachment of the protein-capture agent, Y may even have 
been removed from the organic thinfilm. 

In one embodiment of the array of the present invention, Y is a functional group 
that is activated in situ. Possibilities for this type of functional group include, but 
are not limited to, such simple moieties such as a hydroxyl, carboxyl, amino, 
aldehyde, carbonyl, methyl, methylene, alkene, alkyne, carbonate, aryliodide, or a 
vinyl group. Appropriate modes of activation would be obvious to one skilled in 
the art. Alternatively, Y can comprise a functional group that requires 
photoactivation prior to becoming activated enough to trap the protein-capture 
agent. 

In an especially preferred embodiment of the array of the present invention, Y is a 
complex and highly reactive functional moiety that is compatible with monolayer 
formation and needs no in situ activation prior to reaction with the protein-capture 
agent and/or affinity tag. Such possibilities for Y include, but are not limited to, 
maleimide, N-hydroxysuccinimide (Wagner et ai, Biophysical Journal, 1996, 
70:2052-2066), mtrilotriacetic acid (US Patent No. 5,620,850), activated 
hydroxyl, haloacetyl, bromoacetyl, iodoacetyl, activated carboxyl, hydrazide, 
epoxy aziridine, sulfonylchloride. trifluoromethyldiaziridine, pyridyldisulfide, N- 
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acyl-imidazole, imidazolecarbamate, vinylsulfone, succinimidylcarbonate, 
arylazide, anhydride, diazoacetate, benzophenone, isothiocyanate, isocyanate, 
imidoester, fluorobenzene, and biotin. 

Figure 4 shows one example of a monolayer on a substrate 3. In this example, 
substrate 3 comprises glass. The monolayer is thioheactive because it bears a' 
maleimidyl functional group Y. 

Figure 5 shows another example of a monolayer on a substrate 3 which is silicon. 
In mis case, however, a thmfilm gold coating 5 covers the surface of the substrate 
3. Also, in this embodiment, a titanium adhesion interlayer 6 is used to adhere the 
coating 5 to the substrate 3. This monolayer is aminoreactive because it bears an 
N-hydroxysuccinimidyl functional group Y. 

In an alternative embodiment, the functional group Y of the array is selected from 
the group of simple functional moieties. Possible Y functional groups include, but 
are not limited to, -OH, -NH 2 , -COOH, -COOR, -RSR, -P0 4 3 , -OSO{ 2 , W- 
COO-, -SOO; -CONR 2 , -CN, -NR 2 , and the like. 

The monolayer molecules of the present invention can optionally be assembled on 
the surface in parts. In other words, the monolayer need not necessarily be 
constructed by chemisorption or physisorption of molecules of the formula X-R-Y 
to the surface of the substrate (or coating). Instead, in one embodiment, X may be 
chemisorbed or physisorbed to the surface of the substrate (or coating) alone first. 
Then, R or even just individual components of R can be attached to X through a 
suitable chemical reaction. Upon completion of addition of the spacer R to the X 
moiety already immobilized on the surface, Y can be attached to the ends of the 
monolayer molecule through a suitable covalent linkage. 
Not all self-assembled monolayer molecules on a given patch need be identical to 
one another. Some patches may comprise mixed monolayers. For instance, the 
monolayer of an mdividual patch may optionally comprise at least two different 
molecules of the formula X-R-Y, as previously described. This second X-R-Y 
molecule may immobilize the same or a different protem-capture agent having the 



WO 00/04389 „^„,_ 

PCT/US99/15968 

33 

same binding partner as the first. In addition, some of the monolayer molecules 
X-R- Y of a patch may have failed to attach any protein-capture agent. 
As another alternative embodiment of the invention, a mixed, self-assembled 
monolayer of an individual patch on the array may comprise both molecules of the 
formula X-R-Y ? as previously described, and molecules of the formula, X-R-V 
where R is a spacer, X is a functional group that binds R to the surface, and V is a 
moiety which is biocompatible with proteins and resistant to the non-specific 
binding of proteins. For example, V may consist of a hydroxyl, saccharide, or 
oligo/polyethylene glycol moiety (EP Publication 780423). 
In still another embodiment of the invention, the array comprises at least one 
unreactive patch of organic thinfilm on the substrate or coating surface which is 
devoid of any protein-capture agent. For instance, the unreactive patch may 
optionally comprise a monolayer of molecules of the formula X-R-V, where R is a 
spacer, X is a functional group that binds R to the surface, and V is a moiety 
resistant to the non-specific binding of proteins. The unreactive patch may serve 
as a control patch or be useful in background binding measurements. 
Regardless of the nature of the monolayer molecules, in some arrays it may be 
desirable to provide crosslinking between molecules of an individual patch's 
monolayer. In general, crosslinking confers additional stability to the monolayer. 
Such methods are familiar to those skilled in the art (for instance, see Ulman, An 
Introduction to Ultrathin Organic Films: From Langmuir-Blodgett to Self- 
Assembly, Academic Press ( 1 99 1)). 

After completion of formation of the monolayer on the patches, the protein- 
capture agent may be attached to the monolayer via interaction with the Y- 
functional group. Y-functional groups which fail to react with any protein-capture 
agents are preferably quenched prior to use of the array. 

(d) Affinity tags and immobilization of protein-capture agents. 

In a preferred embodiment, the protein-immobuizing patches of the array further 

comprise an affinity tag that enhances immobilization of the protein-capture agent 
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onto the organic thinfilm. The use of an affinity tag on the protein-capture agent 
of the array typically provides several advantages. An affinity tag can confer 
enhanced binding or reaction of the protein-capture agent with the functionalities 
on the organic thinfilm, such as Y if the organic thinfilm is a an X-R-Y monolayer 
as previously described. This enhancement effect may be either kinetic or 
thermodynamic. The affinity tag/thinfilm combination used in the patches of the 
array preferably allows for immobilization of the protein-capture agents in a 
manner which does not require harsh reaction conditions that are adverse to 
protein stability or function. In most embodiments, immobilization to the organic 
thinfilm in aqueous, biological buffers is ideal. 

An affinity tag also preferably offers immobilization on the organic thinfilm that is 
specific to a designated site or location on the protein-capture agent (site-specific 
immobilization). For this to occur, attachment of the affinity tag to the protein- 
capture agent must be site-specific. Site-specific immobilization helps ensure that 
the protein-binding site of the agent, such as the antigen-binding site of the 
antibody moiety, remains accessible to ligands in solution. Another advantage of 
immobilization through affinity tags is that it allows for a common immobilization 
strategy to be used with multiple, different protein-capture agents. 
The affinity tag is optionally attached directly, either covalently or noncovalently, 
to the protein-capture agent. In an alternative embodiment, however, the affinity 
tag is either covalently or noncovalently attached to an adaptor which is either 
covalently or noncovalently attached to the protein-capture agent. 
In a preferred embodiment, the affinity tag comprises at least one amino acid. The 
affinity tag may be a polypeptide comprising at least two amino acids which is 
reactive with the functionalities of the organic thinfilm. Alternatively, the affinity 
tag may be a single amino acid which is reactive with the organic thinfilm. 
Examples of possible amino acids which could be reactive with an organic 
thinfilm include cysteine, lysine, histidine, arginine, tyrosine, aspartic acid, 
glutamic acid, tryptophan, serine, threonine, and glutamine. A polypeptide or 
amino acid affinity tag is preferably expressed as a fusion protein with the protein- 
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capture agent when the protein-capture agent is a protein, such as an antibody or 
antibody fragment. Amino acid affinity tags provide either a single amino acid or 
a series of amino acids that can interact with the functionality of the organic 
thinfilm, such as the Y-functional group of the self-assembled monolayer 
molecules. Amino acid affinity tags can be readily introduced into recombinant 
proteins to facilitate oriented immobilization by covalent binding to the Y- 
functional group of a monolayer or to a functional group on an alternative organic 
thinfilm. 

The affinity tag may optionally comprise a poly(amino acid) tag. A poly(amino 
acid) tag is a polypeptide that comprises from about 2 to about 100 residues of a 
single amino acid, optionally interrupted by residues of other amino acids. For 
instance, the affinity tag may comprise a poly-cysteine, polylysine, poly-arginine, 
or poly-histidine. Amino acid tags are preferably composed of two to twenty 
residues of a single amino acid, such as, for example, histidines, lysines, 
arginines, cysteines, glutamines, tyrosines, or any combination of these. 
According to a preferred embodiment, an amino acid tag of one to twenty amino 
acids includes at least one to ten cysteines for thioether linkage; or one to ten 
lysines for amide linkage; or one to ten arginines for coupling to vicinal 
dicarbonyl groups. One of ordinary skill in the art can readily pair suitable 
affinity tags with a given functionality on an organic thinfilm. 
The position of the amino acid tag can be at an amino-, or carboxy-terminus of the 
protein-capture agent which is a protein, or anywhere in-between, as long as the 
protein-binding region of the protein-capture agent, such as the antigen-binding 
region of an immobilized antibody moiety, remains in a position accessible for 
protein binding. Where compatible with the protein-capture agent chosen, affinity 
tags introduced for protein purification are preferentially located at the C-terminus 
of the recombinant protein to ensure that only full-length proteins are isolated 
during protein purification. For instance, if intact antibodies are used on the 
arrays, then the attachment point of the affinity tag on the antibody is preferably 
located at a C-terminus of the effector (Fc) region of the antibody. If scFvs are 
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used on the arrays, then the attachment point of the affinity tag is also preferably 
located at the C-terminus of the molecules. 

Affinity tags may also contain one or more unnatural amino acids. Unnatural 
amino acids can be introduced using suppressor tRNAs that recognize stop codons 
(i.e., amber) (Noren et al, Science, 1989, 244: 182-188; Ellman et al., Methods 
Enzym., 1991, 202:301-336; Cloade/ al, Chem. Biol, 1996,3:1033-1038). The 
tRNAs are chemically amino-acylated to contain chemically altered ("unnatural") 
amino acids for use with specific coupling chemistries (i.e., ketone modifications, 
photoreactive groups). 

In an alternative embodiment the affinity tag can comprise an intact protein, such 
as, but not limited to, glutathione S-transferase, an antibody, avidin, or 
streptavidin. 

When the protein-capture agent is a protein and the affinity tag is a protein, such 
as a poly(amino acid) tag, or a single amino acid, the affinity tag is preferably 
attached to the protein-capture agent by generating a fusion protein. Alternatively, 
protein synthesis or protein ligation techniques known to those skilled in the art 
may be used. For instance, intein-mediated protein ligation may optionally be 
used to attach the affinity tag to the protein-capture agent (Mathys, et al, Gene 
231:1-13, 1999; Evans, et al, Protein Science 7:2256-2264, 1998). 
Other protein conjugation and immobilization techniques known in the art may be 
adapted for the purpose of attaching affinity tags to the protein-capture agent. For 
instance, in an alternative embodiment of the array, the affinity tag may be an 
organic bioconjugate which is chemically coupled to the protein-capture agent of 
interest. Biotin or antigens may be chemically cross linked to the protein. 
Alternatively, a chemical crosslinker may be used that attaches a simple functional 
moiety such as a thiol or an amine to the surface of a protein serving as a protein- 
capture agent on the array. 

In an alternative embodiment of the invention, the organic thinfilm of each of the 
patches comprises, at least in part, a lipid monolayer or bilayer, and the affinity 
tag comprises a membrane anchor. 
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Figure 6 shows a detailed cross section of a patch on one embodiment of the 
invention array. In this embodiment, a protein-capture agent 10 is immobilized on 
a monolayer 7 on a substrate 3. An affinity tag 8 connects the protein-capture 
agent 10 to the monolayer 7. The monolayer 7 is formed on a coating 5 which is 
separated from the substrate 3 by an interlayer 6. 
In an alternative embodiment of the invention, no affinity tag is used to 
immobilize the protein-capture agents onto the organic thinfilm. An amino acid or 
• other moiety (such as a carbohydrate moiety) inherent to the protein-capture agent 
itself may instead be used to tether the protein-capture agent to the reactive group 
of the organic thinfilm. In preferred embodiments, the immobilization is site- 
specific with respect to the location of the site of immobilization on the protein- 
capture agent. For instance, the sulfhydryl group on the C-terminal region of the 
heavy chain portion of a Fab' fragment generated by pepsin digestion of an 
antibody, followed by selective reduction of the disulfide between monovalent 
Fab' fragments, may be used as the affinity tag. Alternatively, a carbohydrate 
moiety on the Fc portion of an intact antibody can be oxidized under mild 
conditions to an aldehyde group suitable for immobilizing the antibody on a 
monolayer via reaction with a hydrazide-activated Y group on the monolayer. 
Examples of immobilization of protein-capture agents without any affinity tag in a 
site-specific manner can be found in Dammer et al, Biophys J., 70:2437-2441, 
1996 and the specific examples, Examples 5-7, below. 
Since the protein-capture agents of at least some of the different patches on the 
array are different from each other, different solutions, each containing a different, 
preferably, affinity-tagged protein-capture agent, must be delivered to their 
individual patches. Solutions of protein-capture agents may be transferred to the 
appropriate patches via arrayers which are well-known in the art and even 
commercially available. For instance, microcapillary-based dispensing systems 
may be used. These dispensing systems are preferably automated and computer- 
aided. A description of and building instructions for an example of a microarrayer 
comprising an automated capillary system can be found on the internet at 
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http://cmgm.stanford.edu/pbrown/array.html and 
http://cmgm.stariford.edu/pbrown/mgmde/mdex.html. The use of other 
microprinting techniques for transferring solutions contaming the protein-capture 
agents to the agent-reactive patches is also possible. Ink-jet printer heads may 
also optionally be used for precise delivery of the protein-capture agents to the 
agent-reactive patches. Representative, non-limiting disclosures of techniques 
useful for depositing the protein-capture agents on the patches may be found, for 
example, in U.S. Patent Nos. 5,731,152 (stamping apparatus), 5,807,522 (capillary 
dispensing device), 5,837,860 (ink-jet printing technique, Hamilton 2200 robotic 
pipetting delivery system), and 5,843,767 (ink-jet printing technique, Hamilton 
2200 robotic pipetting delivery system), all incorporated by reference herein. 

(e) Adaptors. 

Another embodiment of the array of the present invention comprises an adaptor 
that links the affinity tag to the protein-capture agent on the patches of the array. 
The additional spacing of the protein-capture agent from the surface of the 
substrate (or coating) that is afforded by the use of an adaptor is particularly 
advantageous if the protein-capture agent is a protein, since proteins are known to 
be prone to surface motivation. The adaptor may optionally afford some 
additional advantages as well. For instance, the adaptor may help facilitate the 
attachment of the protein-capture agent to the affinity tag. In another 
embodiment, the adaptor may help facilitate the use of a particular detection 
technique with the array. One of ordinary skill in the art will be able to choose an 
adaptor which is appropriate for a given affinity tag. For instance, if the affinity 
tag is stteptavidin, then the adaptor could be biotin that is chemically conjugated 
to the protein-capture agent which is to be immobilized. 
In one embodiment, the adaptor comprises a protein. In another embodiment, the 
affinity tag, adaptor, and protein-capture agent together compose a fusion protein. 
Such a fusion protein may be readily expressed using standard recombinant DNA 
technology. Adaptors which are proteins are especially useful to mcrease the 
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solubility of the protein-capture agent of interest and to increase the distance 
between the surface of the substrate or coating and the protein-capture agent. Use 
of a protein adaptor can also be very useful in facilitating the preparative steps of 
protein purification by affinity binding prior to immobilization on the array. 
Examples of possible adaptor proteins include glutathione-S-transferase (GST), 
maltose-binding protein, chitin-binding protein, thioredoxin, green-fluorescent 
protein (GFP). GFP can also be used for quantification of surface binding. In a 
preferred embodiment, when the protein-capture agent is an antibody moiety 
comprising the Fc region, the adaptor is a polypeptide, such as protein G, protein 
A, or recombinant protein A/G (a gene fusion product secreted from a non- 
pathogenic form of Bacillus which contains four Fc binding domains from protein 
A and two from protein G). 

Figure 7 shows a cross section of a patch on one particular embodiment of the 
invention array. The patch comprises a protein-capture agent 10 immobilized on a 
monolayer 7 via both an affinity tag 8 and an adaptor 9. The monolayer 7 rests on 
a coating 5. An interlayer 6 is used between the coating 5 and the substrate 3. 

(f) Preparation of the protein-capture agents of the array. 
The protein-capture agents used on the array may be produced by any of the 
variety of means known to those of ordinary skill in the art. In a preferred 
embodiment of the invention, the protein-capture agents are proteins, and in an 
especially preferred embodiment, the protein-capture agents are antibodies or 
antibody fragments. Therefore, methods of preparing these types of possible 
protein-capture agents are emphasized here: 

In preparation for immobilization to the arrays of the present invention, the 
antibody moiety, or any other protein-capture agent which is a protein or 
polypeptide, can optionally be expressed from recombinant DNA either in vivo or 
in vitro. The cDNA of the antibody or antibody fragment or other protein-capture 
agent is cloned into an expression vector (many examples of which are 
commercially available) and introduced into cells of the appropriate organism for 



W ° 00/04389 PCT/US99/1S968 

40 

expression. A broad range of host cells and expression systems may be used to 
produce the antibodies and antibody fragments, or other proteins, which serve as 
the protein-capture agents on the array. Expression in vivo may be done in 
bacteria (for example, Escherichia coli), plants (for example, Nicotiana tabacum), 
lower eukaryotes (for example, Saccharomyces cerevisiae, Saccharomyces 
pombe, Pichiapastoris), or higher eukaryotes (for example, bacculovirus-infected 
insect cells, insect cells, mammalian cells). For in vitro expression PCR-amplified 
' DNA sequences are directly used in coupled in vitro transcription/translation 
systems (for instance: Escherichia coli S30 lysates from T7 RNA polymerase 
expressing, preferably protease-deficient strains; wheat germ lysates; reticulocyte 
lysates (Promega, Pharmacia, Panvera)). The choice of organism for optimal 
expression depends on the extent of post-translational modifications (i.e., 
glycosylate hpid-modifications) desired. The choice of expression system also 
depends on other issues, such as whether an intact antibody is to be produced or 
just a fragment of an antibody (and which fragment), since disulfide bond 
formation will be affected by the choice of a host cell. One of ordinary skill in the 
art will be able to readily choose which host cell type is most suitable for the 
protein-capture agent and application desired. 

DNA sequences encoding affinity tags and adaptors can be engineered into the 
expression vectors such that the protein-capture agent genes of interest can be 
cloned in frame either 5' or 3' of the DNA sequence encoding the affinity tag and 
adaptor protein. 

The expressed protein-capture agents are purified by affinity chromatography 
using commercially available resins. 

Preferably, production of a plurality of protein-capture agents involves parallel 
processing from cloning to protein expression and protein purification. cDNAs 
for the protein-capture agent of interest will be amplified by PCR using cDNA 
libraries or expressed sequence tags (EST) clones as templates. For in vivo 
expression of the proteins, cDNAs can be cloned into commercial expression 
vectors (Qiagen, Novagen. Clontech) and introduced mto an appropriate organism 
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for expression (see above). For in vitro expression PCR-amplified DNA 
sequences are directly used in coupled in vitro transcription/translation systems 
(see above). 

Escherichia co//-based protein expression is generally the method of choice for 
soluble.proteins that do not require extensive post-translational modifications for 
activity. Extracellular or intracellular domains of membrane proteins will be 
fused to protein adaptors for expression and purification. 
The entire approach can be performed using 96-well assay plates. PCR reactions 
are carried out under standard conditions. Oligonucleotide primers contain unique 
restriction sites for facile cloning into the expression vectors. Alternatively, the 
TA cloning system (Clontech) can be used. The expression vectors contain the 
sequences for affinity tags and the protein adaptors. PCR products are ligated into 
the expression vectors (under inducible promoters) and introduced into the 
appropriate competent Escherichia coli strain by calcium-dependent 
transformation (strains include: XL-1 blue, BL21, SG13009(lon-)). Transformed 
Escherichia coli cells are plated and individual colonies transferred into 96-array 
blocks. Cultures are grown to mid-log phase, induced for expression, and cells 
collected by centrifugation. Cells are resuspended containing lysozyme and the 
membranes broken by rapid freeze/thaw cycles, or by sonication. Cell debris is 
removed by centrifugation and the supernatants transferred to 96-tube arrays. The 
appropriate affinity matrix is added, the protein-capture agent of interest is bound 
and nonspecifically bound proteins are removed by repeated washing steps using 
12 - 96 pin suction devices and centrifugation. Alternatively, magnetic affinity 
beads and filtration devices can be used (Qiagen). The proteins are eluted and 
transferred to a new 96-well array. Protein concentrations are determined and an 
aliquot of each protein-capture agent is spotted onto a nitrocellulose filter and 
verified by Western analysis using an antibody directed against the affinity tag on 
the protein-capture agent. The purity of each sample is assessed by SDS-PAGE 
and Silver staining or mass spectrometry. The protein-capture agents are then 
snap-frozen and stored at -80°C. 
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Saccharomyces cerevisiae allows for the production of glycosylated protein- 
capture agents such as antibodies or antibody fragments. For production in 
Saccharomyces cerevisiae, the approach described above for Escherichia coli can 
be used with slight modifications for transformation and cell lysis. 
Transformation of Saccharomyces cerevisiae is by lithium-acetate and cell lysis is 
either by lyticase digestion of the cell walls followed by freeze-thaw, sonication 
or glass-bead extraction. Variations of post-translational modifications can be 
obtained by using different yeast strains (i.e., Saccharomyces pombe, Pichia 
pastoris). 

One aspect of the bacculovirus system is the array of post-translational 
modifications that can be obtained, although antibodies and other proteins 
produced in bacculovirus contain carbohydrate structures very different from 
those produced by mammalian cells. The bacculovirus-infected insect cell system 
requires cloning of viruses, obtaining high titer stocks and infection of liquid 
insect cell suspensions (cells such as SF9, SF21). 

Mammalian cell-based expression requires transfection and cloning of cell lines. 
Either lymphoid or non-lymphoid cell may be used in the preparation of 
antibodies and antibody fragments. Soluble proteins such as antibodies are 
collected from the medium while intracellular or membrane bound proteins 
require cell lysis (either detergent solubilization, freeze-thaw). The protein- 
capture agents can then be purified analogous to the procedure described for 
Escherichia coli. 

For in vitro translation the system of choice is Escherichia coli lysates obtained 
from protease-deficient and T7 RNA polymerase overexpressing strains. 
Escherichia coli lysates provide efficient protein expression (30-50 jig/ml lysate). 
The entire process is carried out in 96-well arrays. Antibody genes or other 
protein-capture agent genes of interest are amplified by PCR using 
oligonucleotides that contain the gene-specific sequences containing a T7 RNA 
polymerase promoter and binding site and a sequence encoding the affinity tag. 
.Alternatively, an adaptor protein can be fused to the gene of interest by PCR.. 
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Amplified DNAs can be directly transcribed and translated in the Escherichia coli 
lysates without prior cloning for fast analysis. The antibody fragments or other 
proteins are then isolated by binding to an affinity matrix and processed as 
described above. 

Alternative in vitro translation systems which may be used include wheat germ 
extracts and reticulocyte extracts. In vitro synthesis of membrane proteins or 
post-translationally modified proteins will require reticulocyte lysates in 
combination with microsomes. 

In one embodiment of the invention, the protein-capture agents on the array are 
monoclonal antibodies. The production of monoclonal antibodies against specific 
protein targets is routine using standard hybridoma technology. In fact, numerous 
monoclonal antibodies are available commercially. The preparation and use of an 
array of monoclonal antibodies is illustrated in the specific example, Example 8, 
below. 

As an alternative to obtaining antibodies or antibody fragments by cell fusion or 
from continuous cell lines, the antibody moieties may be expressed in 
bacteriophage. Such antibody phage display technologies are well known to those 
skilled in the art. The bacteriophage expression systems allow for the random 
recombination of heavy- and ught-chain sequences, thereby creating a library of 
antibody sequences which can be selected against the desired antigen. The 
expression system can be based on bacteriophage X or , more preferably, on 
filamentous phage. The bacteriophage expression system can be used to express 
Fab fragments, Fv's with an engineered intermolecular disulfide bond to stabilize 
the V H -V L pair (dsFv's), scFvs, or diabody fragments. 
The antibody genes of the phage display libraries may be from pre-immunized 
donors. For instance, the phage display library could be a display library prepared 
from the spleens of mice previously iinmunized with a mixture of proteins (such 
as a lysate of human T-cells). Immunization can optionally be used to bias the 
library to contain a greater number of recombinant antibodies reactive towards a 
specific set of proteins (such as proteins found in human T-cells). .Alternatively, 
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the library antibodies may be derived from naive or synthetic libraries. The naive 
libraries have been constructed from spleens of mice which have not been 
contacted by external antigen. In a synthetic library, portions of the antibody 
sequence, typically those regions corresponding to the complementarity 
deteraiining regions (CDR) loops, have been mutagenized or randomized. 
The phage display method involves batch-cloning the antibody gene library into a 
phage genome as a fusion to the gene encoding one of the phage coat proteins 
(pill, pVI, or pVIII). The pill phage protein gene is preferred. When the fusion 
product is expressed it is incorporated into the mature phage coat. As a result, the 
antibody is displayed as a fusion on the surface of the phage and is available for 
binding and hence, selection, on a target protein. Once a phage particle is selected 
as bearing an antibody-coat protein fusion with the desired affinity towards the 
target protein, the genetic material within the phage particle which corresponds to 
the displayed antibody can be amplified and sequenced or otherwise analyzed. 

In a preferred embodiment, a phagemid is, used as the expression vector in 
the phage display procedures. A phagemid is a small plasmid vector that carries 
gene III with appropriate cloning sites and a phage packaging signal and contains 
both host and phage origins of replication. The phagemid is unable to produce a 
complete phage as the gene III fusion is the only phage gene encoded on the 
phagemid. A viable phage can be produced by infecting cells containing the 
phagemid with a helper phage containing a defective replication origin. A hybrid 
phage emerges which contains all of the helper phage proteins as well as the gene 
IIl-rAb fusion. The emergent phage contains the phagemid DNA only. 
In a preferred embodiment of the invention, the recombinant antibodies used in 
phage display methods of preparing protein-capture agents for the arrays of the 
invention are expressed as genetic fusions to the bacteriophage gene III protein on 
a phagemid vector. For instance, the antibody variable regions encoding a single- 
chain Fv fragment can be fused to the amino terminus of the gene III protein on a 
phagemid. Alternatively, the antibody fragment sequence could be fused to the 
amino terminus of a truncated pill sequence lacking the first two N-terminal 
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domains. The phagemid DNA encoding the antibody-pill fusion is preferably 
packaged into phage particles using a helper phage such as M13K07 or VCS- 
M13, which supplies all structural phage proteins. 

To display Fab fragments on phage, either the light or heavy (Fd) chain is fused 
via its C-terminus to pill. The partner chain is expressed without any fusion to 
pill so that both chains can associate to form an intact Fab fragment. 
Any method of selection may be used which separates those phage particles which 
do bind the target protein from those which do not. The selection method must 
also allow for the recovery of the selected phages. Most typically, the phage 
particles are selected on an immobilized target protein. Some phage selection 
strategies known to those skilled in the art include the following: panning on an 
immobilized antigen; panning on an immobilized antigen using specific elution; 
using biotinylated antigen and then selecting on a streptavidin resin or 
streptavidin-coated magnetic beads; affinity purification; selection on Western 
blots (especially useful for unknown antigens or antigens difficult to purify); 
in vivo selection; and pathfinder selection. If the selected phage particles are 
amplified between selection rounds, multiple iterative rounds of selection may 
optionally be performed. 

Elution techniques will vary depending upon the selection process chosen, but 
typical elution techniques include washing with one of the following solutions: 
HC1 or glycine buffers; basic solutions such as triethylamine; chaotropic agents; 
solutions of increased ionic strength; or DTT when biotin is linked to the antigen 
by a disulfide bridge. Other typical methods of elution include enzymatically 
cleaving a protease site engineered between the antibody and gene HI, or by 
competing for binding with excess antigen or excess antibodies to the antigen. 
A method for producing an array of antibody fragments therefore comprises first 
selecting recombinant bacteriophage which express antibody fragments from a 
phage display library. The recombinant bacteriophage are selected by affinity 
binding to a protem which is an expression product, or fragment thereof, of a cell 
or population of cells in an organism. (Iterative rounds of selection are possible, 
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but optional.) Next, at least one purified sample of an antibody fragment from a 
bacteriophage which was selected in the first step is produced. This antibody 
production step typically entails infecting E. coli cells with the selected 
bacteriophage. In the absence of helper phage, the selected bacteriophage then 
replicate as expressive plasmids without producing phage progeny. Alternatively, 
the antibody fragment gene of the selected recombinant bacteriophage is isolated, 
amplified, and then expressed in a suitable expression system. In either case, 
following amplification, the expressed antibody fragment of the selected and 
amplified recombinant bacteriophage is isolated and purified. In a third step of 
the method, the earlier steps of phage display selection and purified antibody 
fragment production are repeated using affinity binding to different proteins which 
are expression products, or fragments thereof, of the same cell or population of 
cells as before until the desired plurality of purified samples of different 
antibodies with different binding pairs are produced. In a final step of the method, 
the antibody fragment of each different purified sample is immobilized onto an 
organic thinfilm on a separate patch on the surface of a substrate to form a 
plurality of patches of antibody fragments on discrete, known regions of the 
substrate surface covered by organic thinfilm. 

For instance, to generate an antibody array with antibody fragments against 
known protein targets, open reading frames of the known protein targets identified 
in DNA databases are amplified by polymerase chain reaction and transcribed and 
translated in vitro to produce proteins on which a recombinant bacteriophage 
expressing single-chain antibody fragments are selected. Once selected, the 
antibody fragment sequence of the selected bacteriophage is amplified (typically 
using the polymerase chain method) and recloned into a desirable expression 
system. The expressed antibody fragments are purified and then printed onto 
organic thinfilms on substrates to form the high density arrays. 
In another embodiment of the invention, a method for producing an array of 
protein-capture agents is provided which comprises first selecting protein-capture 
agents from a library of protein-capture agents, where the protein-capture agents 
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are selected by their affinity binding to the proteins from a cellular extract or body 
fluid. Preferably, the proteins are from a cellular extract. The proteins from the 
cellular extract or body fluid would typically be immobilized prior to the selection 
step. Suitable methods of immobilization such as crosslinking of the proteins to a 
resin are well known to one of ordinary skill in the art. The next step of this 
method comprises producing a plurality of purified samples of the selected 
protein-capture agents. The protein-capture agent of each different purified 
sample is immobilized onto an organic thinfilm on a separate patch on the surface 
of a substrate to form a plurality of patches of protein-capture agents on discrete, 
known regions of the substrate surface covered by organic thinfilm. 
This method of array preparation optionally also comprises the additional step of 
biasing the library of protein-capture agents by eliminating from the library those 
protein-capture agents which bind certain proteins, such as the proteins of a 
second cellular extract, wherein the protein-capture agents which are eliminated 
are removed from the library by their binding affinity to those certain proteins. 
This step of biasing the library may optionally occur after the selection step by 
affinity binding to the protein, but more typically, it occurs prior to that selection 
step. The order of the selecting and biasing steps will depend on the nature of the 
selection and elution procedures used in the method. One of ordinary skill in the 
art will readily be able to determine an appropriate series of steps. 
In one embodiment of the optional step of biasing the library of protein-capture 
agents, the library is biased to eliminate protein-capture agents that recognize 
common proteins or proteins of non-interest. This is typically achieved by 
passing the library over an affinity surface, such as a chromatography column, 
containing cross-linked proteins of non-interest. The "flowthrough" containing 
protein-capture agents that did not react with the affinity surface is collected. This 
procedure enriches the library for protein-capture agents which bind proteins of 
interest or proteins specific to the cell to be assayed. For instance, if the library is 
derived from a specific cell type such a a human T-cell, the library may 
optionally be biased by passing it over an affinity surface which contains proteins 
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prepared from a lysate of human fibroblasts or bacterial proteins to enrich the 
library for protein-capture agents which bind proteins specifically present in 
fibroblasts. 

In a preferred embodiment of the method of preparing the array of protein-capture 
agents described above, the protein-capture agents are antibody fragments 
displayed on the surface of recombinant bacteriophages and the library of protein- 
capture agents is a phage display library. Therefore, a method for producing an 
antibody array comprises first selecting recombinant bacteriophage expressing 
antibody fragments from a phage display library, where the bacteriophage are 
selected by affinity binding to immobilized proteins of a body fluid, or more 
preferably, a cellular extract. The next step of this method comprises producing a 
plurality of purified samples of antibody fragments expressed by the selected 
recombinant bacteriophage. Preferably, antibody fragments which specifically 
bind more than 1000 of the proteins of the cellular extract are produced in this 
manner. In a final step of the method, the antibody fragment of each different 
purified sample is immobilized onto an organic thinfilm on a separate patch on the 
surface of a substrate to form a plurality of patches of antibody fragments on 
discrete known regions of the substrate surface. One specific example of this 
method is outlined in Example 6, below. Again, this method optionally also 
comprises the additional step of biasing the phage display library by eliminating 
from the library those bacteriophage displaying antibody fragments which bind 
certain proteins, such as the proteins of a second cellular extract. The 
bacteriophage which are eliminated are removed from the library by the binding 
affinity of their displayed antibody fragments to the certain proteins. 

For instance, a method of preparing an antibody array optionally begins 
with a phage display library prepared from RNA isolated from the spleens of mice 
previously immunized with a lysate of human T-cells. The phage library is then 
passed over a column or affinity surface comprising proteins from the lysates of 
background cells such as human fibroblasts which have been cross-linked to a 
surface or resin The phage remaining in the flowthrough solution from the first 
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column/affinity surface is then passed over a second affinity surface, such as a 
chromatography column, containing cross-linked proteins prepared from a lysate 
of human T-cells. The flowthrough solution from the second column/affinity 
surface is then discarded since this solution contains phage which displays 
recombinant antibodies that did not react with the second affinity surface. Phage 
which specifically react with the second affinity surface and remain bound to the 
second affinity surface are then collected by elution. Elution can be achieved by 
lowered pH (2.0), increased ionic strength, or proteolytic release by a specific 
proteolytic cut site genetically engineered between the displayed recombinant 
antibody and the gene III protein of the phage. In a next step of the method, the 
eluted phage are separated into isolated plaques by plating and then propagated as 
separate cultures. Periplasmic fractions from the separate cultures are prepared 
and the corresponding recombinant antibodies purified. The purified recombinant 
antibodies are then dispensed into separate patches on a 2-D array where they are 
immobilized onto an organic tbinfilm. 

Methods of preparing an array of protein-capture agents where the protein- 
capture agents have been selected against the proteins of a cellular extract, or a 
body fluid, create arrays of protein-capture agents where all of the binding 
partners of the arrays are not initially known: The primary information provided 
by binding of proteins to these types of arrays is contained in the pattern of 
protein abundance. Once interesting patches on an array have been identified by 
comparison of the protein expression pattern to that of a control (for instance, it 
may be observed that there is a significant increase in the amount of protein bound 
to a patch of the array following exposure of a cell to a certain set of conditions), 
the identity of the protein ligand binding to a particular patch on the array can be 
assessed by affinity purification of the protein ligand followed by 
microsequencing and/or mass spectrometry or the like. 

An alternative method for producing an array of protein-capture agents 
comprises: selecting protein-capture agents from a library of protein-capture 
agents, wherein the protein-capture agents are selected by their binding affinity to 
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proteins expressed by a cDNA expression library; producing a plurality of 
purified samples of the selected protein-capture agents; and immobilizing each 
different purified protein-capture agent onto an organic thinfilm on a separate 
patch on the surface of a substrate to form a plurality of patches on discrete, 
known regions of the substrate surface covered by organic thinfilm 

This method also optionally comprises the additional step of biasing the 
protein-capture agent library by eliminating from the library those protein-capture 
• agents which bind certain proteins, such as the proteins of a cellular extract, 
wherein the protein-capture agents which are eliminated are removed from the 
library by their binding affinity to said certain proteins. In most cases, the 
proteins which are used to subtract protein-capture agents from the library of 
protein-capture agents would be immobilized. This step of biasing the library may 
optionally occur after the selection step by affinity binding to the proteins 
expressed by the cDNA expression library, but more typically, it occurs prior to 
that selection step. The order of these step will depend on the nature of the 
selection and elution steps. One of ordinary skill in the art will readily be able to 
determine an appropriate series of steps. In the optional step of biasing the library 
of protem-capture agents, the library is optionally biased to elirninate protein- 
capture agents that recognize common proteins or proteins of non-interest (as 
described above for a previous embodiment). Preferably, the method further 
comprises the additional step of identifying which individual selected protein- 
capture agents bind which individual proteins expressed by the cDNA expression 
library. 

In another preferred embodiment of the the method, the protein-capture 
agents are antibody fragments displayed on the surface of recombinant 
bacteriophages and the library of protein-capture agents is a phage display library. 

For instance, one example of a method of preparing an array of antibodies 
optionally begins with a phage display library prepared from RNA isolated from 
the spleens of mice previously immunized with a lysate of human T-cells. The 
Phage library is then passed over a column or affinity surface comprising proteins 
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from the lysates of background cells such as human fibroblasts which have been 
cross-linked to a surface or resin. The phage remaining in the flowthrough 
solution from the first column/affinity surface is then collected. A cDNA 
expression library derived from message RNA (mRNA) isolated from human T- 
cells is prepared in which the expressed proteins from the expression library are 
genetically fused with an expression tag (such as a six histidine tag). The library 
is expanded and the tagged proteins are collectively expressed and purified. The 
pool of purified, tagged proteins from the cDNA expression library is cross-linked 
to an affinity surface, such as a chromatography column. The phage display 
library which passed through the first affinity surface or column is passed over the 
affinity surface bearing the immobilized proteins of the cDNA expression library. 
The flowthrough solution containing phage displaying recombinant antibodies that 
did not react with the affinity surface is discarded. Phage which specifically react 
with the affinity surface are collected by elution achieved by lowering the pH 
(2.0). Cells from the cDNA expression library are plated and a filter lift of the 
colonies is made using nitrocellulose or charged nylon filters. Reactive sites on 
the filter are blocked with a standard blocking solution and the filters are probed 
with the selected bacteriophage eluted off of the second column. The phage are 
visualized by reaction with a monoclonal antibody recognizing the gene VIII coat 
protein of the bacteriophage, conjugated to alkaline phosphatase. Reactive sites on 
the filter are cut out and the phage eluted from the filter pieces and propagated 
separately. The eluted phage are separated into isolated plaques and then 
propagated as separate cultures. Periplasmic fractions from the separate cultures 
are prepared and the corresponding recombinant antibodies purified. The purified 
recombinant antibodies are then dispensed onto separate patches of organic 
thinfilm on a 2-D array. Samples are reacted with the array and protein ligands 
with interesting differential abundance patterns (when compared to a control) are 
identified. Colonies on the original plate corresponding to the phage-reactive sites 
on the filter are propagated and the plasmids containing the cDNA sequenced to 
identify the protein ligands reactive with the recombinant antibodies of the phage. 
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In the preparation of the arrays of the invention, phage display methods analogous 
to those used for antibody fragments may be used for protein-capture agents other 
than antibody fragments as long as the protein-capture agent is composed of 
protein and is of suitable size to be incorporated into the phagemid or alternative 
vector and expressed as a fusion with a bacteriophage coat protein. Phage display 
techniques using non-antibody libraries typically make use of some type of protein 
host scaffold structure which supports the variable regions. For instance, P-sheet 
proteins, a-helical handle proteins, and other highly constrained protein structures 
have been used as host scaffolds. 

Alternative display vectors may also be used to produce the protein-capture 
agents, such as antibody moieties, which are printed on the arrays of the 
invention. Polysomes, stable protein-ribosome-mRNA complexes, can be used to 
replace live bacteriophage as the display vehicle for recombinant antibody 
fragments or other proteins (Hanes and Pluckthun, Proc. Natl Acad. Set USA, 
94:4937-4942, 1997). The polysomes are formed by preventing release of newly 
synthesized and correctly folded protein from the ribosome. Selection of the 
polysome library is based on binding of the antibody fragments or other proteins 
which are displayed on the polysomes to the target protein. mRNA which 
encodes the displayed protein or antibody having the desired affinity for the target 
is then isolated. Larger libraries may be used with polysome display than with 
phage display. 

In still another alternative method of preparing the protein-capture agents of the 
arrays of the invention, an alternative display method of selection such as lambda 
display (Mikawa et al, J. Mol Biol, 262:21-30,1 996), bacterial display 
(Georgiou et al, Nat Biotechnol, 15:29-34, 1997) or eukaryotic cell display may 
instead by used. 

Furthermore, selection methods other than display methods may also be used in 
the preparation of protein-capture agents for the arrays of the invention. As 
indicated above, the protein-capture agents may be obtained by any in vitro or in 
vivo selection procedure known to those skilled in the art. Ln one embodiment of 
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the invention, protein-capture agents other than antibodies and antibody fragments 
are batch selected on the protein in cellular extracts. Such procedures generate a 
diversity of protein-capture agents which are highly suitable for applications in 
proteomics. 

In alternative embodiments of the invention, the protein-capture agents are 
partially or wholly prepared by synthetic means. If the protein-capture agent is a 
protein, then methods of peptide synthetic or protein ligation may optionally be 
used to construct a protein from amino acid or polypeptide building blocks. 
Protein-capture agents which are polynucleotides are readily prepared 
synthetically. 

(g) Uses of the arrays. 

The present invention also provides methods of using the invention arrays. In 
general, for a variety of applications including proteomics and diagnostics, the 
methods of the invention involve the delivery of the sample containing the 
proteins to be analyzed to the arrays. After the proteins of the sample have been 
allowed to interact with and become immobilized on the patches of the array 
comprising protein-capture agents with the appropriate biological specificity, the 
presence and/or amount of protein bound at each patch is then determined. 
Use of one of the protein-capture agent arrays of the invention may optionally 
involve placing the two-dimensional array in a flowchamber with approximately 
1-10 microliters of fluid volume per 25 mm 2 overall surface area. The cover over 
the array in the flowchamber is preferably transparent or translucent. In one 
embodiment, the cover may comprise Pyrex or quartz glass. In other 
embodiments, the cover may be part of a detection system that monitors 
interaction between the protein-capture agents immobilized on the array and 
protein in a solution such as a cellular extract. The flowchambers should remain 
filled with appropriate aqueous solutions to preserve protein activity. Salt, 
temperature, and other conditions are preferably kept similar to those of normal 
physiological conditions. Proteins in a fluid solution may be flushed into the flow 
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chamber as desired and their interaction with the immobilized protein-capture 
agents deterrnined. Sufficient time must be given to allow for binding between the 
protein-capture agent and its binding partner to occur. The amount of time 
required for this will vary depending upon the nature and tightness of the affinity 
of the protein-capture agent for its binding partner. No specialized microfluidic 
pumps, valves, or mixing techniques are required for fluid delivery to the array. 
Alternatively, protein-containing fluid can be delivered to each of the patches of 
the array individually. For instance, in one embodiment, the regions of the 
substrate surface may be microfabricated in such a way as to allow integration of 
the array with a number of fluid delivery channels oriented perpendicular to the 
array surface, each one of the delivery channels terminating at the site of an 
individual protein-capture agent-coated patch. 

The sample which is delivered to the array will typically be a fluid. In a preferred 
embodiment of the invention, the sample is a cellular extract or a body fluid. The 
sample to be assayed may optionally comprise a complex mixture of proteins, 
including a multitude of proteins which are not binding partners of the protein- 
capture agents of the array. If the proteins to be analyzed in the sample are 
membrane proteins, then those proteins will typically need to be solubilized prior 
to aajninistration of the sample to the array. If the proteins to be assayed in the 
sample are proteins secreted by a population of cells in an organism, a sample 
which is derived from a body fluid is preferred. If the proteins to be assayed in 
the sample are intracellular, a sample which is a cellular extract is preferred. In 
one embodiment of the invention, the array may comprise protein-capture agents 
which bind fragments of the expression products of a cell or population of cells in 
an organism. In such a case, the proteins in the sample to be assayed may have 
been prepared by perforating a digest of the protein in a cellular extract or a body 
fluid. In an alternative application of the array, the proteins from only specific 
fractions of a cell are collected for analysis in the sample. 
In general, delivery of solutions containing proteins to be bound by the protein- 
capture agents of the array may optionally be preceded, followed, or accompanied 
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by delivery of a blocking solution. A blocking solution contains protein or 
another moiety which will adhere to sites of non-specific binding on the array. 
For instance, solutions of bovine serum albumin or milk may be used as blocking 
solutions. 

It is understood that some proteins a sample which are not the intended binding 
partner of the protein-capture agents of a patch (and may, in fact, be the intended 
binding partner of another patch) on the array may still bind to the patch to some 
degree. Preferably, this type of binding only occurs to a very minor degree. 
Also, it is understood that even when the correct binding partners are present in 
the solution being assayed, the binding partners will bind to the patch comprising 
their protein-capture agent with less than 100% efficiency. 
A wide range of detection methods is applicable to the methods of the invention. 
As desired, detection may be either quantitative or qualitative. The invention 
array can be interfaced with optical detection methods such as absorption in the 
visible or infrared range, chemoluminescence, and fluorescence (including 
lifetime, polarization, fluorescence correlation spectroscopy (FCS), and 
fluorescence-resonance energy transfer (FRET)). Furthermore, other modes of 
detection such as those based on optical waveguides PCT Publication (WO 
96/26432 and U.S. Patent No. 5,677, 196), surface plasmon resonance, surface 
charge sensors, and surface force sensors are compatible with many embodiments 
of the invention. Alternatively, technologies such as those based on Brewster 
Angle microscopy (BAM) (Schaaf et ai, Langmuir, 3:113 1-1 135 (1987)) and 
ellipsometry (U.S. Patent Nos. 5,141,311 and 5,116,121; Kim, Macromolecules, 
22:2682-2685 (1984)) could be applied. Quartz crystal microbalances and 
desorption processes (see for example, U.S. Patent No. 5,719,060) provide still 
other alternative detection means suitable for at least some embodiments of the 
invention array. An example of an optical biosensor system compatible both with 
some arrays of the present invention and a variety of non-label detection 
principles including surface plasmon resonance, total internal reflection 
fluorescence (TIRF), Brewster Angle microscopy, optical waveguide lightmode 
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spectroscopy (OWLS), surface charge measurements, and ellipsomeny can be 
found in U.S. Patent No. 5,313,264. 

Although non-label detection methods are generally preferred, some of the types 
of detection methods commonly used for traditional immunoassays which require 
the use of labels may be applied to the arrays of the present invention. These 
techniques include noncompetitive immunoassays, competitive immunoassays, 
and dual label, ratiometric immunoassays. These particular techniques are 
primarily suitable for use with the arrays of protein-capture agents when the 
number of different protem-capture agents with different specificity is small (less 
than about 100). In me competitive method, binding-site occupancy is determined 
mdirectly. In this method, the protein-capftire agents of the array are exposed to a 
labeled developing agent, which is typically a labeled version of the analyte or an 
analyte analog. The developing agent competes for the binding sites on the 
protein-capture agent with the analyte. The fractional occupancy of the protein- 
capture agents on different patches can be determined by the binding of the 
developing agent to the protein-capture agents of the ^dividual patches. In the 
noncompetitive method, binding site occupancy is determined direcdy. In this 
method, the patches of the array are exposed to a labeled developing agent capable 
of binding to either the bound analyte or the occupied binding sites on the protem- 
capture agent. For instance, the developing agent may be a labeled antibody 
directed against occupied sites (/.*., a "sandwich assay"). Alternatively, a dual 
label, ratiometric, approach may be taken where the protein-capture agent is 
labeled with one label and the second, developing agent is labeled with a second 
label (Ekins, *,*/., Clinica Chimica Acta., 194:91-114, 1990). Many different 
labeling methods may be used in the aforementioned techniques, includmg 
radioisotopic, enzymatic, chennluminescent, and fluorescent methods. 
Fluorescent methods are preferred. 

Figure 8 shows a schematic diagram of one type of fluorescence detection unit 
which may be used to monitor interaction of immobilized protem-capture agents 
of an array with a protein analyte. In the illustrated detection unit, the arrav of 
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protein-capture agents 21 is positioned on a base plate 20. Light from a 100W 
mercury arc lamp 25 is directed through an excitation filter 24 and onto a beam 
splitter 23. The light is then directed through a lens 22, such as a Micro Nikkor 
55 mm 1:2:8 lens, and onto the array 21. Fluorescence emission from the array 
returns through the lens 22 and the beam splitter 23. After next passing through 
an emission filter 26, the emission is received by a cooled CCD camera 27, such 
as the Slowscan TE/CCD- 1 024SF&SB (Princeton Instruments). The camera is 
operably connected to a CPU 28 which is in turn operably connected to a VCR 
29 and a monitor 30. 

Figure 9 shows a schematic diagram of an alternative detection method based on 
ellipsometry. Ellipsometry allows for information about the sample to be 
determined from the observed change in the polarization state of a reflected light 
wave. Interaction of a protein analyte with a layer of immobilized protein-capture 
agents on a patch results in a thickness change and alters the polarization status of 
a plane-polarized light beam reflected off the surface. This process can be 
monitored in situ from aqueous phase and, if desired, in imaging mode. In a 
typical setup, monochromatic light (e.g. from a He-Ne laser, 30) is plane polarized 
(polarizer 3 1) and directed onto the surface of the sample and detected by a 
detector 35. A compensator 32 changes the elliptically polarized reflected beam 
to plane-polarized. The corresponding angle is determined by an analyzer 33 and 
then translated into the ellipsometric parameters Psi and Delta which change upon 
binding of protein with the protein-capture agents. Additional information can be 
found in Azzam, et al, Ellipsometry and Polarized Light, North-Holland 
Publishing Company: Amsterdam, 1977. 

The arrays of the present invention are particularly usefiil for proteomics. Those 
arrays which comprise significant numbers of protein-capture agents of different 
specificity on separate patches can bind significant numbers of proteins which are 
expression products, or fragments thereof, of a cell or population of cells in an 
organism and are particularly suitable for use in applications involving 
proteonucs. For instance, an array with at least about 10 3 and up to about 10 5 
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different protein-capture agents such as antibodies or antibody fragments can 
provide a highly comprehensive picture of the protein content of the cell under a 
specific set of conditions. 

In one embodiment of the invention, a method of assaying in parallel for a 
plurality of different proteins in a sample which are expression products, or 
fragments thereof, of a cell or a population of cells in an organism, is provided 
which comprises the following steps: first, delivering the sample to an array of 
spatially distinct patches of different protein-capture agents under conditions 
suitable for protein binding, wherein each of the proteins being assayed is a 
binding partner of the protein-capture agent of at least one patch on the array; 
next, optionally washing said array to remove unbound or nonspecifically bound 
components of the sample from the array; and in a final step, detecting, either 
directly or indirectly, for the presence or amount of protein bound to each patch of 
the array. 

In another embodiment of the invention, a method of assaying in parallel for a 
plurality of different proteins in a sample which are expression products, or 
fragments thereof, of a cell or a population of cells in an organism, comprises first 
delivering the sample to the invention array of protein-capture agents under 
conditions suitable for protein binding, wherein each of the proteins being assayed 
is a binding partner of the protein-capture agent of at least one patch on the array. 
The first step may be followed by an optional step of washing the array with fluid 
to remove unbound or nonspecifically bound components of the sample from the 
array. Lastly, the presence or amount of protein bound to each patch is detected, 
either directly or indirectly. 

A variety of different embodiments of the invention array of protein-capture 
agents may be used in the methods for assaying in parallel for a plurality of 
different proteins in a sample which are expression products, or fragments thereof, 
of a cell or a population of cells in an organism. Generally, preferred 
embodiments of these methods comprise the use of preferred arrays of the 
invention. For instance, in preferred embodiments of the method, the protein- 
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capture agents are antibodies or antibody fragments. In further preferred 
embodiments for assaying the different amounts of a plurality of proteins in a cell 
in parallel or the protein expression pattern of a cell, the plurality of patches on 
the array can bind at least about 100 or at least about 10 3 different proteins which 
are the expression products, or fragments thereof, of a cell or population of cells 
in an organism. Alternatively, the plurality of patches on the array used in the 
methods can bind at least about 10 4 different proteins which are the expression 
products, or fragments thereof, of a cell or population of cells in an organism. 
The methods of assaying in parallel for a plurality of different proteins in a sample 
which are expression products, or fragments thereof, of a cell or a population of 
cells in an organism, optionally comprise the additional step of further 
characterizing the protein bound to at least one patch of the array. This step is 
typically designed to identify the nature of the protein bound to the protein- 
capture agent of a particular patch. In some cases, the entire identity of the bound 
protein may not be known and the purpose of the further characterization may be 
the initial ^identification of the mass, sequence, structure and/or activity of the 
bound protein. In other cases, the basic identity of the protein may be known, but 
the post-translational modification, activation state, or some other feature of the 
protein may not be known. In one embodiment, the step of further characterizing 
the proteins involves measuring the activity of the proteins. Although in some 
cases it may be preferable to remove the protein from the patch before the step of 
further characterizing the protein is carried out, in other cases the protein can be 
further characterized while still bound to the patch. In still further embodiments, 
the protein-capture agents of the patch which binds a protein can be used to isolate 
and/or purify the protein from cells. The purified sample can then be 
characterized through traditional means such as microsequencing, mass 
spectrometry, and the like. 

In another embodiment, the present invention provides a method of determining 
the protein expression pattern of a cell or population of cells in an organism. This 
method involves first delivering a sample containing expression products, or 
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fragments thereof, of the cell or population of cells to the protein-capture agent 
array of the invention under conditions suitable for protein binding. The presence 
and/or amount of protem bound to each patch can then be determined by a 
suitable detection means. The detection may be either direct or indirect. 
Quantitative detection is typically preferred for this application (and for other 
proteomics applications). The method preferably further comprises an additional 
step before the detection step comprising washing the array to remove unbound or 
nonspecifically bound components of the sample from the array. The amount of 
protem bound to a patch of the array may optionally be determined relative to the 
amount of a second protein bound to a second patch of the array. The method of 
determining the protein expression pattern of a cell or a population of cells in an 
organism, optionally comprises the additional step of further characterizing the 
proteins bound to at least one patch of the array, as previously described above. 
In the method of assaying the protein expression pattern of a cell or population of 
cells in an organism, many of the targets of the protein-capture agents of the array 
may optionally be of unknown sequence, identity, and/or function. For instance, 
the antibodies of the array may have been prepared by selecting a phage display ' 
library by affinity binding to the immobilized proteins of a cellular extract which 
contains many unidentified proteins. If the protein bound by a protein-capture 
agent on a particular patch of an array is unknown, but is of interest, then that 
protein may optionally be later identified or characterized by first using the same 
protein-capture agent that was used on the array to isolate the protein in question 
from cells. The isolated binding partner from the cell can then be assayed directly 
for function and/or sequenced. 

The arrays of protein-capture agents may also be used to compare the protein 
expression patterns of two cells or populations of cells. In this method, a sample 
containing expression products, or fragments thereof, of a first cell or population 
of cells is delivered to the invention array of protein-capture agents under 
conditions suitable for protem binding. In an analogous manner, a sample 
containing expression products, or fragments therof of a second cell or population 
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of cells to a second array, is delivered to a second array which is identical to the 
first array. Preferably, both arrays are then washed to remove unbound or 
nonspecifically bound components of the sample from the arrays. In a final step, 
the amounts of protein remaining bound to the patches of the first array are 
compared to the amounts of protein remaining bound to the corresponding patches 
of the second array. If it is desired to determine the differential protein expression 
pattern of two cells or populations of cells, for instance, then the amount of 
• protein bound to the patches of the first array may be subtracted from the amount 
of protein bound to the corresponding patches of the second array. 
Methods of comparing the protein expression of two cells or populations of cells 
are particularly useful for the understanding of biological processes. For instance, 
using these methods, the protein expression patterns of identical cells or closely 
related cells exposed to different conditions can be compared. Most typically, the 
protein content of one cell or population of cells is compared to the protein 
content of a control cell or population of cells. For instance, in one embodiment 
of the invention, one of the cells or populations of cells is neoplastic and the other 
cell is not. In another embodiment, one of the two cells or populations of cells 
being assayed is infected with a pathogen. Alternatively, one of the two cells or 
populations of cells has been exposed to a stressor and the other cell or population 
of cells serves as a control. The stressor may optionally be chemical, 
environmental, or thermal. One of the two cells may optionally be exposed to a 
drug or a potential drug and its protein expression pattern compared to a control 
cell. 

. Such methods of assaying differential gene expression at the protein level are 
useful in the identification and validation of new potential drug targets as well as 
for drug screening. For instance, the method may be used to identify a protein 
which is overexpressed in tumor cells, but not in normal cells. This protein may 
be a target for drug intervention. Inhibitors to the action of the overexpressed 
protein can then be developed. Alternatively, antisense strategies to inhibit the 
overexpression may be developed. In another instance, the protein expression 
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pattern of a cell, or population of cells, which has been exposed to a drug or 
potential drug can be compared to that of a cell, or population of cells, which has 
not been exposed to the drug. This comparison will provide insight as to whether 
or not the drug has had the desired effect on a target protein (drug efficacy) and 
whether other proteins of the cell, or population of cells, have also been affected 
(drug specificity). 

The arrays of the present invention are also suitable for diagnostic applications 
and suitable for use in diagnostic devices. The high density of the antibodies on 
some arrays of the present invention enables a large number of different, 
antibody-based diagnostic tests to be formatted onto a single biochip. The 
protein-capture agents on the invention array can be used to evaluate the status of 
a disease condition in a tissue, such as a tumor, where the expression levels of 
certain proteins in the cells of the tissue is known to be indicative of a particular 
type of disease condition or stage of a disease condition. If certain patterns of 
protein expression are not previously known to be indicative of a disease state, the 
protein-capture agent arrays of the invention can then first be used to establish this 
information. 

Accordingly, in one embodiment, the invention provides a method of evaluating a 
disease condition in a tissue of an organism comprising first contacting the 
invention array of protein-capture agents with a sample comprising the expression 
products, or fragments thereof, of the cells of the tissue being evaluated, wherein 
the contacting occurs under conditions suitable for protein binding and wherein 
the binding partners of a plurality of protein-capture agents on the array include 
proteins which are expression products, or fragment thereof, of the cells of the 
tissue and whose expression levels are indicative of the disease condition. The 
method next comprises detecting, either directly or indirectly, for the presence of 
protein to each patch. In a preferred embodiment, the method further comprises 
the step of washing the array to remove unbound or nonspecifically bound 
components of the sample from the array. In such a method, the array will 
typically comprise protein-capture agents which bind those proteins whose 
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presence, absence, or relative amount in cells is known to be indicative of a 
particular type of disease condition or state of a disease condition. For instance, 
the plurality of proteins being assayed in such a method may include such proteins 
as HER2 protein or prostate-specific antigen (PSA). 

(h) Examples. 

The following specific examples are intended to illustrate the invention and 
should not be construed as limiting the scope of the claims: 

Example 1 Fabrication of a two-dimensional array by photolithography. 
In a preferred embodiment of the invention, two-dimensional arrays are fabricated 
onto the substrate material via standard photolithography and/or thin film 
deposition. Alternative techniques include microcontact printing. Usually, a 
computer-aided design pattern is transferred to a photomask using standard 
techniques, which is then used to transfer the pattern onto a silicon wafer coated 
with photoresist. 

In a typical example, the array ("chip") with lateral dimensions of 10 x 10 mm 
comprises squared patches of a bioreacttve layer (here: gold as the coating on a 
silicon substrate) each 0. 1 x 0. 1 mm in size and separated by hydrophobic surface 
areas with a 0.2 mm spacing. 4" diameter Si(100) wafers (Virginia 
Semiconductor) are used as bulk materials. Si(100) wafers are first cleaned in a 
3:1 mixture of H 2 S0 4 , cone: 30% H2O2 (90°C, 10 min), rinsed with deionized 
water (18 MQcm), finally passivated in 1% aqueous HF, and singed at 150°C for 
30 min to become hydrophobic. The wafer is then spincoated with photoresist 
(Shipley 1813), prebaked for 25 minutes at 90°C, exposed using a Karl Suss 
contact printer and developed according to standard protocols. The wafer is then 
dried and postbaked at 1 10°C for 25 min. In the next step, the wafer is primed 
with a titanium layer of 20 nm thickness, followed by a 200 nm thick gold layer. 
Both layers were deposited using electron-beam evaporation (5 A/s). After resist 
stripping and a short plasma treatment the gold patches can be further chemically 
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modifiedto achieve the desired bioreactive and biocompatible properties (see 
Example 3, below). 

Example 2. Fabrication of a two-dimensional array by deposition through a hole 
mask. 

In another preferred embodiment the array of gold patches is fabricated by thin 
film deposition through a hole mask which is in direct contact with the substrate. 
In a typical example, Si( 1 00) wafers are first cleaned in a 3 : 1 mixture of H 2 S0 4 , 
cone: 30% H 2 0 2 (90°C, 10 rain), rinsed with deionized water (18 MDcm), finally 
passivated in 1% aqueous HF and singed at 150°C for 30 min to become 
hydrophobic. The wafer is then brought into contact with a hole mask exhibiting 
the positive pattern of the desired patch array. In the next step, the wafer is 
primed with a titanium layer of 20 nm thickness, followed by a 200 nm thick gold 
layer. Both layers were deposited using electron-beam evaporation (5 A/s). After 
removal of the mask, the gold patches can be further chemically modified to 
achieve the desired bioreactive and biocompatible properties (see Example 3, 
below). 

Example 3. Synthesis of an aminoreactive monolayer molecule (following the 
procedure outlined in Wagner et ai, Biophys. J., 1996, 70:2052-2066). 
General. l U- and 13 C-NMR spectra are recorded on Broker instruments (100 to 
400 MHz). Chemical shifts (8) are reported in ppm relative to internal standard 
((CH 3 ) 4 Si, 8 = 0.00 (1H- and "C-NMR)). FAB-mass spectra are recorded on a 
VG-SABSEQ instrument (Cs + , 20 keV). Transmission inftared spectra are 
obtained as dispersions in KBr on an FTIR Perkin-Elmer 1600 Series instrument. 
Thin-layer chromatography (TLC) is performed on precoated silica gel 60 F254 
plates (MERCK, Darmstadt, FRG), and detection was done using Cl 2 /toluidine, 
PdCl 2 and UV-detection under NH 3 -vapor. Medium pressure liquid 
chromatography (MPLC) is performed on a Labomatic MD-80 (LABOMATIC 
INSTR. AG, Allschwil, Switzerland) using a Buechi column (460x36 mm; 



WO 00/04389 

PCT/US99/15968 

65 

BUECHI, Flawil, Switzerland), filled with silica gel 60 (particle size 15-40 urn) 
from Merck. 

Synthesis of 11,1 1 '-dithiobis(succinimidylundecanoate) (DSU). Sodium 
thiosulfate (55.3 g, 350 mmol) is added to a suspension of 1 1-bromo-undecanoic 
acid (92.8 g, 350 mmol) in 50% aqueous 1,4-dioxane (1000 ml). The mixture is 
heated at reflux (90°C) for 2 h until the reaction to the intermediate Bunte salt was 
complete (clear solution). The oxidation to the corresponding disulfide is carried 
out in situ by adding iodine in portions until the solution retained with a yellow to 
brown colour. The surplus of iodine is reutrated with 15% sodium pyrosulfite in 
water. After removal of 1,4-dioxane by rotary evaporation the creamy suspension 
is filtered to yield product 11,11 '-dithiobis(undecanoic acid). Recrystallization 
from ethyl acetate/THF provides a white solid (73.4 g, 96.5%); mp 94°C; 'H 
NMR (400 MHz, CDC1 3 / CD3OD 95 : 5): 8 2.69 (t, 2H, J = 7.3 Hz), 2.29 (t, 2H, 
J = 7.5 Hz), 1.76-1.57 (m, 4H), and 1.40-1.29 (m, 12H); FAB-MS (Cs + , 20 keV): 
m/z (relative intensity) 434 (100, M + ). Anal. Calcd. for C22H42O4S2: C, 60.79; H, 
9.74;S, 14.75. Found: C, 60.95; H, 9.82; S, 14.74. To a solution of 11,11 '- 
dithiobisfundecanoic acid) (1.0 g, 2.3 mmol) in THF (50 ml) is added N- 
hydroxysuccinimide (0.575 g, 5 mmol) followed by DCC (1.03 g, 5 mmol) at 0°C. 
After the reaction mixture is allowed to warm to 23°C and is stirred for 36 h at 
room temperature, the dicyclohexylurea (DCU) is filtered. Removal of the solvent 
under reduced pressure and recrystallization from acetone/hexane provides 
1 1,11 '-dithiobis(succinimidylundecanoate) as a white solid. Final purification is 
achieved by medium pressure liquid chromatography (9 bar) using silica gel and a 
2. 1 mixture of ethyl acetate and hexane. The organic phase is concentrated and 
dried in vacuum to afford 11, 11 '-dithiobis(succinimidylundecanoate) (1.12 g, 
78%): mp 95°C; *H NMR (400 MHz, CDCI3): 8 2.83 (s, 4H), 2.68 (t, 2H, J = 7.3 
Hz), 2.60 (t, 2H, J = 7.5 Hz), 1.78-1.63 (m, 4H), and 1.43-1.29 (m, 12H); FAB- 
MS (Cs + , 20 keV): m/z (relative intensity) 514 (100), 628 (86, M + ). Anal. Calcd. 
for C 3 oH48N 2 0 8 S2: C, 57.30; H, 7.69; N, 4.45; S, 10.20. Found: C, 57.32; H, 
7 60:N. 4.39; S. 10.25. 
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Example 4. Formation of an aminoreactive monolayer on gold (following the 
procedure of Wagner et ai, Biophys. J., 1996, 70:2052-2066). 
Monolayers based on 11,11 '-dithiobis(succinimidylunckcanoate) (DSU) can be 
deposited on Au(l 1 1) surfaces of substrates described under Examples 1 and 2 by 
immersing them into a 1 mM solution of DSU in chloroform at room temperature 
for 1 hour. After rinsing with 10 volumes of solvent, the N-hydroxysuccinimidyl- 
terminated monolayer is dried under a stream of nitrogen and immediately used 
for immobilization of the protein-capture agents. 

Example 5. Formation and use of an array of immobilized Fab' antibody 
fragments to detect concentrations of soluble proteins prepared from cultured 
mammalian cells. 

Collections of IgG antibodies are purchased from commercial sources {e.g. Pierce, 
Rockford, IL). The antibodies are first purified by affinity chromatography based 
on binding to immobilized protein A. The antibodies are diluted 1 : 1 in binding 
buffer( 0.1 M Tris-HCl, 0.15 MNaCl, pH 7.5). A 2 ml mmicolumn containing a 
gel with immobilized protein A is prepared. (Hermanson, et. al., Immobilized 
Affinity Ligand Techniques, Academic Press, San Diego, 1992.) The column is 
equilibrated with 10 ml of binding buffer. Less than 10 mg of immunoglobulin is 
applied to each 2 ml minicolumn and the column is washed with binding buffer 
until the absorbance at 280 nm is less than 0.02. The bound immunoglobulins are 
eluted with 0. 1 M glycine, 0. 15 M NaCl, pH 2.8, and immediately neutralized 
with 1.0 M Tris-HCl, pH 8.0 to 50 mM final concentration and then dialyzed 
against 10 mM sodium phosphate, 0. 15 M NaCl, pH 7.2 and stored at 4°C. 
The purified immraoglobulin are digested with immobilized pepsin. Pepsin is an 
acidic endopeptidase and hydrolyzes proteins favorably adjacent to aromatic and 
dicarboxylic L-amino acid residues. Digestion of IgG with pepsin generates intact 
F(ab') 2 fragments. Immobilized pepsin gel is washed with digestion buffer; 20 
mM sodium acetate, pH 4.5. A solution of purified IgG at 10 mg/ml is added to 
the immobilized pepsin gel and incubated at 37'C for 2 hours. The reaction is 
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neutralized by the addition of 10 mM Tris-HCl, pH 7.5 and centrifuged to pellet 
the gel. The supernatant liquid is collected and applied to an immobilized protein 
A column, as described above, to separate the F(ab') 2 fragments from the Fc and 
undigested IgG. The pooled F(ab') 2 is dialyzed against 10 mM sodium phosphate, 
0. 15 M NaCl, pH 7.2 and stored at 4°C. The quantity of pooled, eluted F(ab') 2 is 
measured by peak area absorbance at 280 nm. 

The purified F(ab') 2 fragments at a concentration of 10 mg/ml are reduced at 37 
°C for 1 hour in a buffer of 10 mM sodium phosphate, 0. 15 M NaCl, 10 mM 2- 
mercaptoethylamine, 5 mM EDTA, pH 6.0. The Fab' fragments are separated 
from unsplit F(ab') 2 fragments and concentrated by application to a Sephadex G- 
25 column (M r = 46,000 - 58,000). The pooled Fab' fragments are dialyzed 
against 10 mM sodium phosphate, 0. 15 M NaCl, pH 7.2. The reduced Fab- 
fragments are diluted to 100 ug/ml and applied onto the bioreactive patches 
containing exposed aminoreactive functional groups using a computer-aided, 
capillary-based microdispensing system (for antibody immobilization procedures, ' 
see Dammer et al., Biophys. J., 70:2437-2441, 1996). After an immobilization 
period of 30 minutes at 30°C, the array is rinsed extensively with 10 mM sodium 
phosphate, 0. 15 M NaCl, 5 mM EDTA, pH 7.0. 
Transformed human cells grown in culture are collected by low speed 
centrifugation, briefly washed with ice-cold phosphate-buffered solution (PBS), 
and then resuspended in ice-cold hypotonic buffer containing DNase/RNase (10 
ug/ml each, final concentration) and a mixture of protease inhibitors. Cells are 
transferred to a microcentrifuge tube, allowed to swell for 5 minutes, and lysed by 
rapid freezing in liquid nitrogen and thawing in ice-cold water. Cell debris and 
precipitates are removed by high-speed centrifugation and the supernatant is 
cleared by passage through a 0.45 m filter. The cleared lysate is applied to the 
Fab' fragment array described above and allowed to incubate for 2 hours at 30°C. 
After binding the array is washed extensively with 10 mM sodium phosphate, 0.15 
M NaCl, 5 mM EDTA, pH 7.0. The location and amount of bound proteins are 
determined by optical detection. 
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Example 6. Formation and use of an array of immobilized antibody fragments to 
detect concentrations of soluble proteins prepared from cultured mammalian cells. 
A combinatorial library of filamentous phage expressing scFv antibody fragments 
is generated based on the technique of McCafferty and coworkers; McCafferty, et 
al, Nature, 1990, 348:552-554; Wmter and Milstem, Nature, 1991, 349:293-299. 
Briefly, mRNA is purified from mouse spleens and used to construct a cDNA 
library. PCR fragments encoding sequences of the variable heavy and light chain 
immunoglobulin genes of the mouse are amplified from the prepared cDNA. The 
amplified PCR products are joined by a linker region of DNA encoding the 15 
amino acid peptide (Gly 4 SerGly 2 CysGlySerGly 4 Ser) (SEQ ID NO: 1) and the 
resulting full-length PCR fragment is cloned into an expression plasmid 
(pCANTAB 5 E) in which the purification peptide tag (E Tag) has been replaced 
by a His 6 peptide (SEQ ID NO: 2). Electrocompetent TGI Kcoli cells are 
transformed with the expression plasmid by electroporation. The pCANTAB- 
transformed cells are induced to produced functional filamentous phage 
expressing scFv fragments by superinfection with M13K07 helper phage. Cells 
are grown on glucose-deficient medium containing the antibiotics ampicillin (to 
select for cells with the phagemid) and kanamycin (to select for cells infected with 
M13K07). In the absence of glucose, the lac promoter present on the phagemid is 
no longer repressed, and synthesis of the scFv-gene 3 fusion begins. 
Proteins from a cell lysate are adsorbed to the wells of a 96-well plate. 
Transformed human cells grown in culture are collected by low speed 
centrifugation and the cells are briefly washed with ice-cold PBS. The washed 
cells are then resuspended in ice-cold hypotonic buffer containing DNase/RNase 
(10 ug/ml each, final concentration) and a mixture of protease inhibitors, allowed 
to swell for 5 minutes, and lysed by rapid freezing in liquid nitrogen and thawing 
in ice-cold water. Cell debris and precipitates are removed by high-speed 
centnfugation and the supernatant is cleared by passage through a 0.45 um filter. 
The cleared lysate is diluted to 1 0 ug/ml in dilution buffer; 20 mM PIPES, 0.15 M 
Nad, 0.1 % CHAPS, 10%. 5 mM EDTA. 5 mM 2-mercaptoethanol. 2 mM DTT 
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pH 7.2 and applied to the 96-plate wells. After immobilization for 1 hour at 30°C, 
the well is washed with the dilution buffer and then incubated with dilution buffer 
containing 10% nonfat dry milk to block unreacted sites. After the blocking step, 
the well is washed extensively with the dilution buffer. 
Phage expressing displayed antibodies are separated from E. coli cells by 
centrifugation and then precipitated from the supernatant by the addition of 15% 
w/v PEG 8000, 2.5 M NaCl followed by centrifugation. The purified phage are 
resuspended in the dilution buffer containing 3% nonfat dry milk and applied to 
the well containing the immobilized proteins described above, and allowed to bind 
for 2 hours at 37°C, followed by extensive washing with the binding buffer. Phage 
are eluted from the well with an elution buffer; 20 mM PIPES, 1 M NaCl, 0. 1 % 
CHAPS, 10%, 5 mM EDTA, 5 mM 2-mercaptoethanol, 2 mM DTT, pH 7.2. The 
well is then extensively washed with purge buffer; 20 mM PIPES, 2.5 M NaCl, 
0.1 % CHAPS, 10%, 5 mM EDTA, 5 mM 2-mercaptoethanol, 2 mM DTT, pH 
7.2. The well is then extensively washed with dilution buffer; 20 mM PIPES, 
0. 15 M NaCl, 0. 1 % CHAPS, 10%, 5 mM EDTA, 5 mM 2-mercaptoethanol, 2 
mM DTT, pH 7.2. The eluted phage solution is then re-applied to a new well 
containing adsorbed antigen and the panning enrichment is repeated 4 times. 
Finally, the phage are eluted from the well with 2M of NaCl in 20 mM PIPES, 0. 1 
% CHAPS, 10%, 5 mM EDTA, 5 mM 2-mercaptoethanol, 2 mM DTT, pH 7.2. 
Eluates are collected and mixed with log-phase TGI cells, and grown at 37°C for 
1 hour and then plated onto SOB medium containing ampicillin and glucose and 
allowed to grow for 12 - 24 hours. 

Individual colonies are picked and arrayed into 96-well 2ml blocks containing 
SOB medium and M13K07 helper phage and grown for 8 hours with shaking at 
37°C. The phage are separated from cells by centrifugation and precipitated with 
PEG/NaCl as described above. Concentrated phage are used to infect HB2151 E. 
coli. E. coli TGI produces a suppressor tRNA which allows readthrough 
(suppression) of an amber stop codon located between the scFv and phage gene 3 
sequences of the pCANTAB 5 E plasmid. Infected HB2151 cells are selected on 
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medium containing ampicillin, glucose, and nalidixic acid. Cells are grown to 
mid-log and then centrifuged and resuspended in medium lacking glucose and 
growth continued. Soluble scFv fragments will accumulate in the cell periplasm A 
periplastic extract is prepared from pelleted cells by mild osmotic shock The 
soluble scFv released into the supernatant is purified by affinity binding to Ni- 
NTA activated agarose and eluted with 10 mM EDTA. 
The purified scFv antibody fragments are diluted to 100 ug/ml and applied onto 
the bioreactive patches with exposed autoreactive groups using a computer- 
aided, capillary-based microdispensing system. After an immobilization period of 
30 minutes at 30°C, the array is rinsed extensively with 10 mM sodium phosphate, 
0. 15 M NaCI, 5 mM EDTA, pH 7.0. 

Transformed human cells grown in culture are collected by low speed 
centrifugation, briefly washed with ice-cold PBS, and then resuspended , 
cold hypotonic buffer containing DNase/RNase (10 ug/ml each, final 
concentration) and mixture of protease inhibitors. Cells are transferred to ; 
microcentrifuge tube, allowed to swell for 5 minutes, and lysed by rapid freezing 
in liquid nitrogen and thawing in ice-cold water. Cell debris and precipitates are 
removed by high-speed centrifugation and the supernatant is cleared by passage 
through a 0.45 m filter. The cleared lysate is applied to the scFv fragment array 
described above and allowed to incubate for 2 hours at 30°C. After binding, the 
array is washed extensively with 0. 1 M sodium phosphate, 0. 15 M NaCI, 5 mM 
EDTA pH 7.0. The location and amount of bound proteins are determined by 
optical detection. 
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Patterns of binding are established empirically by testing dilutions of a control cell 
extract. Extracts from experimental cells are diluted to a series of concentrations 
and then tested against the array. Patterns of protein expression in the 
experimental cell lysates are compared to protein expression patterns in the 
control samples to identify proteins with unique expression profiles. 

. Example 7. Formation and use of an array of immobilized monoclonal 
antibodies to detect concentrations of soluble proteins prepared from cultured 
mammalian cells. 

Collections of monoclonal antibodies are purchased from commercial suppliers as 
either raw ascities fluid or purified by chromotography over protein A, protein G, 
or protein L. If from raw ascites fluid, the antibodies are purified using a HiTrap 
Protein G or HiTrap Protein A column (Pharmacia) as, appropriate for the 
immunoglobulin subclass and species. Prior to chromotography the ascites are 
diluted with an equal volume of 10 mM sodium phosphate, 0.9 % NaCl, pH 7.4 
(PBS) and clarified by passage through a 0.22 \im filter. The filtrate is loaded onto 
the column in PBS and the column is washed with two column volumes of PBS. 
The antibody is eluted with 100 mM Glycine-HCl, pH 2.7 (for protein G) or 100 
mM citric acid, pH 3.0 (for protein A). The eluate is collected into 1/10 volume 1 
M Tris-HCl, pH 8.0. The final pH is 7.5. Fractions containing the antibodies are 
confirmed by SDS-PAGE and then pooled and dialyzed against PBS. 
The different samples of purified antibodies are each diluted to 100 |ig/ml. Each 
different antibody sample is applied to a separate patch of an array of 
aminoreactive monolayer patches (see Example 4, above) using a computer-aided, 
capillary-based microdispensing system. After an immobilization period of 30 
minutes at 30°C, the array is rinsed extensively with 10 mM sodium phosphate, 
0. 15 M NaCl, 5 mM EDTA, pH 7.0. 

Transformed human cells grown in culture are collected by low speed 
centrifugation, briefly washed with ice-cold PBS, and resuspended in ice-cold 
h\potonic buffer containing Dnase/Rnase (10 jig'ml each, final concentration) and 
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a mixture of protease inhibitors. Cells are transferred to a microcentrifuge tube 
allowed to swell for 5 minutes, and lysed by rapid freezing in liquid mfrogen and 
thawing in ice-cold water. Cell debris and precipitates are removed by high-speed 
centrifugation and the supernatant is cleared by passage through a 0.45 m filter. 
The cleared lysate is applied to the monoclonal antibody array described above 
and allowed to incubate for 2 hours at 30°C. After binding the array is washed 
extensively as in Example 6, above. The location and amount of bound proteins 
are determined by optical detection. 

All documents cited in the above specification are herein incorporated by 
reference. In addition, the copending U.S. patent application "Arrays of Proteins 
and Methods of Use Thereof, filed on July 14, 1999, with the identifier 24406- 
0004 P 1, for the inventors Peter Wagner, Dana Ault-Riche, Steffen Nock, and 
Christian Itin, is herein incorporated by reference in its entirety. Various' 
modifications and variations of the present invention will be apparent to those 
skilled in the art without departing from the scope and spirit of the invention. 
Although the invention has been described in connection with specific preferred 
embodiments, it should be understood that the invention as claimed should not be 
unduly limited to such specific embodiments. Indeed, various modifications of 
the described modes for carrying out the invention which are obvious to those 
skilled in the art are intended to be within the scope of the following claims. 
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1 . An array of protein-capture agents, comprising: 

(a) a substrate; 

(b) at least one organic thinfilm covering some or all of the surface of 
the substrate; and 

(c) a plurality of patches arranged in discrete, known regions on the 
portions of the substrate surface covered by organic thinfilm, 
wherein: 

(i) each patch comprises protein-capture agents immobilized on 
the organic thinfilm, wherein said protein-capture agents of a 
given patch are capable of binding a particular expression 
product, or a fragment thereof, of a cell or population of cells 
in an organism; and 

(ii) said array comprises a plurality of different protein-capture 
agents, each of which is capable of binding a different 
expression product, or fragment thereof, of the cell or 
population of cells. 

2. The array of Claim 1 which comprises at least about 10 of said patches. 

3. The array of Claim 2 which comprises at least about 100 of said patches. 

4. The array of Claim 3 which comprises at least about 10 3 of said patches. 

5. The array of Claim 1 which comprises at least about 10 different protein- 
capture agents. 

6. The array of Claim 5 which comprises at least about 100 different protein- 
capture agents. 
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7. The array of Claim 6 which comprises at least about 1000 different protein- 
capture agents. 

8. The array of Claim 1, wherein the area of the substrate surface covered by 
each of the patches is no more than about 0.25 mm 2 . 

9. The array of Claim 8, wherein the area of the substrate surface covered by 
each of the patches is between about 1 um 2 and about 10,000 urn 2 . 

10. The array of Claim 1, wherein the patches are all contained within an area 
of about 1 cm 2 or less on the surface of the substrate. 

11. The array of Claim 1, wherein the protein-capture agents are proteins. 

12. The array of Claim 1 1, wherein the protein-capture agents are antibodies or 
antibody fragments. 

13. The array of Claim 12, wherein the antibodies or antibody fragments have 
been derived by selection from a library using the phage display method. 

14. The array of Claim 13, wherein the antibodies or antibody fragments have 
been derived by affinity binding to the proteins of a cellular extract or body fluid. 

15. The array of Claim 12, wherein said antibodies or antibody fragments are 
selected from the group consisting of monoclonal antibodies, Fab fragments, and 
single-chain Fvs. 



16. The array of Claim 1 , wherein the organic thinfilm on the array is less than 
about 20 nm thick. 
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(b) detecting, either directly or indirectly, for the presence or amount of protein 
bound to each patch of the array. 

30. A method of assaying in parallel for a plurality of different proteins in a 
sample which are expression products, or fragments thereof, of a cell or a 
population of cells in an organism, comprising: 

(a) delivering the sample to an array of Claim 1 under conditions suitable for 
protein binding, wherein each of the proteins being assayed is a binding partner of 
the protein-capture agent of at least one patch on the array; and 

(b) detecting, either direcdy or indirectly, for the presence or amount of protein 
bound to each patch of the array. 

3 1 The method of claim 30, further comprising the step: 

further characterizing the proteins bound to at least one patch of the array. 

32. The method of Claim 3 1, wherein said step of further characterizing the 
proteins comprises measuring the activity of the proteins. 

33 . A method for deterrriining the protein expression pattern of a cell or a 
population of cells in an organism, comprising: 

(a) delivering a sample containing the expression products, or fragments 
thereof, of the cell or population of cells to an array of Claim 1 under conditions 
suitable for protein binding; and 

(b) detecting, either directly or indirectly, for the amount of protein bound to 
each patch of the array. 



34. A method of comparing the protein expression patterns of two cells or 
populations of cells, comprising: 
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(a) delivering a sample containing the expression products, or fragments 
thereof, of a first cell or population of cells to a first array of Claim 1 under 
conditions suitable for protein binding; 

(b) delivering a sample containing the expression products, or fragments 
thereof, of a second cell or population of cells to a second array, wherein the 
second array is identical to the first array; 

(c) detecting, either directly or indirectly, for the amount of protein bound to 
each patch on the washed first and second arrays; and 

(d) comparing the amounts of protein bound to the patches of the first array to 
the amounts of protein bound to the corresponding patches of the second array. 

35. A method of evaluating a disease condition in a tissue in an organism, 
comprising: 

(a) contacting a sample comprising the expression products, or fragments 
thereof, of the cells of the tissue being evaluated with an array of Claim 1 under 
conditions suitable for protein binding, wherein the binding partners of a plurality 
of protein-capture agents on the array include proteins which are expression' 
products, or fragments thereof, of the cells of the tissue and whose expression 
levels are indicative of the disease condition; and 

(b) detecting, directly or indirectly, for the amount of protein bound to each 
patch of the array. 

36. A method for producing the array of Claim 1, comprising: 

(a) selecting recombinant bacteriophage expressing antibody fragments 
from a phage display library, wherein said recombinant bacteriophage are selected 
by affinity binding to a protein which is an expression product, or fragment 
thereof, of a cell or population of cells in an organism; 

(b) producing at least one purified sample of an antibody fragment from 
a bacteriophage selected in step (a); and 
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(c) repeating steps (a)-(b) with a different proteins which are expression 
products, or fragments thereof, of a cell or population of cells from the organism, 
or a fragment of the second protein, until the desired plurality of purified samples 
of different antibody fragments with different binding pairs is produced; and 

(d) immobilizing the antibody fragment of each different purified 
sample onto an organic thinfilm on a separate patch on the surface of a substrate 
to form a plurality of patches of antibody fragments on discrete, known regions of 
the substrate surface. 



37. A method for producing an array of protein-capture agents, comprising: 

(a) selecting protein-capture agents from a library of protein-capture 
agents, wherein the protein-capture agents are selected by their binding affinity to 
the proteins in a cellular extract or body fluid; 

(b) producing a plurality of purified samples of the selected protein- 
capture agents of step (a); and 

(c) immobilizing the protein-capture agent of each different purified 
sample onto an organic thinfilm on a separate patch on the surface of a substrate 
to form a plurality of patches of protein-capture agents on discrete, known regions 
of the substrate surface. 

38. The method of Claim 3 7, wherein said protein-capture agents are antibody 
fragments displayed on the surface of recombinant bacteriophages and said library 
of protein-capture agents is a phage display library. 

39. A method of Claim 38, further comprising: 

biasing the library of protein-capture agents by elirninating from the library 
those protein-capture agents which bind certain proteins, wherein the protein- 
capture agents which are eliminated are removed from the library by their binding 
affinity to said certain proteins. 
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40. The method of claim 39, wherein said certain proteins are proteins in a 
second cellular extract or body fluid. 

41. An array of protein-capture agents produced by the method of Claim 37. 

42. A method for producing an array of protein-capture agents, comprising: 

(a) selecting protein-capture agents from a library of protein-capture 
agents, wherein the protein-capture agents are selected by their binding affinity to 
proteins which are the expression products, or fragments thereof, of a cDNA 
expression library; 

(b) producing a plurality of purified samples of the protein-capture 
agents of step (a); and 

(c) immobilizing the protein-capture agent of each different purified 
sample onto an organic thinfilm on a separate patch on the surface of a substrate 
to form a plurality of patches of protein-capture agents on discrete, known regions 
of the surface of the substrate. 

43 . The method of Claim 42, wherein said protein-capture agents are antibody 
fragments displayed on the surface of recombinant bacteriophages and said library 
of protein-capture agents is a phage display library. 

44. A method of Claim 42, further comprising: 

biasing the library of protein-capture agents by eliminating from the library 
those protein-capture agents which bind certain proteins, wherein the protein- 
capture agents which are eliminated are removed from the library by their binding 
affinity to said certain proteins. 



45. An array of protein-capture agents produced by the method of Claim 42. 
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MICRODEVICES FOR SCREENING BIOMOLECULES 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

The present invention relates generally to microdevices and methods 
of using those devices for the parallel, in vitro screening of a plurality of 
biomolecule-analyte interactions. More specifically, the present invention relates 
to use of the devices for drug development, functional proteomics, and clinical 
diagnostics. 

b) Description of Related Art 

A vast number of new drug targets are now being identified using a 
combination of genomics, bioinformatics, genetics, and high-throughput 
biochemistry. Genomics provides information on the genetic composition and the 
activity of an organism's genes. Bioinformatics uses computer algorithms to 
recognize and predict structural patterns in DNA and protems, defining families of 
related genes and proteins. The information gained from the combination of these 
approaches is expected to greatly boost the number of drug targets (usually, 
proteins). 

The number of chemical compounds available for screening as potential 
drugs is also growing dramatically due to recent advances in combinatorial 
chemistry, the production of large numbers of organic compounds through rapid 
parallel and automated synthesis. The compounds produced in the combinatorial 
libraries being generated will far outnumber those compounds being prepared by 
traditional, manual means, natural product extracts, or those in the historical 
compound files of large pharmaceutical companies. 

Both the rapid increase of new drug targets and the availability of vast 
libraries of chemical compounds creates an enormous demand for new 
technologies which improve the screening process. Current technological 
approaches which attempt to address this need include multiwell-plate based 
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Micropumps, electroosmotic flow, integrated valves and mixing devices control - 
liquid movement through the channel network. Microfluidic networks prevent 
evaporation but, due to the large surface to volume ratio, result in significant 
protein inactivation. The successful use of microfluidic networks in biomolecule 
screening remains to be shown. 

Drug screening of soluble targets against solid-phase synthesized drug 
components is intrinsically limited. The surfaces required for solid state organic 
synthesis are chemically diverse and often cause the inactivation or non-specific 
binding of proteins, leading to a high rate of false-positive results. Furthermore, 
the chemical diversity of drug compounds is limited by the combinatorial 
synthesis approach that is used to generate the compounds at the interface. 
Another major disadvantage of this approach stems from the limited accessibility 
of the binding site of the soluble target protein to the immobilized drug 
candidates. 

Miniaturized DNA chip technologies have been developed (for example, 
see U.S. Patent Nos. 5,412,087, 5,445, 934 and 5,744,305) and are currently being 
exploited for nucleic acid hybridization assays. However, DNA biochip 
technology is not transferable to protein assays because the chemistries and 
materials used for DNA biochips are not readily transferable to use with proteins. 
Nucleic acids withstand temperatures up to 100°C, can be dried and re-hydrated 
without loss of activity, and can be bound directly to organic adhesion layers 
supported by materials such as glass while mamtaining their activity. In contrast, 
proteins must remain hydrated, kept at ambient temperatures, and are very 
sensitive to the physical and chemical properties of the support materials. 
Therefore, maintaining protein activity at the liquid-solid interface requires 
entirely different immobilization strategies than those used for nucleic acids. 
Additionally, the proper orientation of the protein at the interface is desirable to 
ensure accessibility of their active sites with interacting molecules. With 
miniaturization of the chip and decreased feature sizes the ratio of accessible to 
non-accessible antibodies becomes increasingly relevant. 
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In addition to the goal of achieving high-throughput screening of 
compounds against targets to identify potential drug leads, researchers also need 
to be able to identify highly specific lead compounds early in the drug discovery 
process. Analyzing a multitude of members of a protein family or forms of a 
polymorphic protein in parallel (multitarget screening) enables quick identification 
of highly specific lead compounds. Proteins within a structural family share 
similar binding sites and catalytic mechanisms. Often, a compound that 
effectively interferes with the activity of one family member also interferes with 
other members of the same family. Using standard technology to discover such 
additional interactions requires a tremendous effort in time and costs and as a 
consequence is simply not done. 

However, cross-reactivity of a drug with related proteins can be the cause 
of low efficacy or even side effects in patients. For instance, AZT, a major 
treatment for AIDS, blocks not only viral polymerases, but also human 
polymerases, causing deleterious side effects. Cross-reactivity with closely 
related proteins is also a problem with nonsteroidal anti-inflammatory drugs 
(NSAIDs) and aspirin. These drugs inhibit cyclooxygenase-2, an enzyme which 
promotes pain and inflammation. However, the same drugs also strongly inhibit a 
related enzyme, cyclooxygenase-1, that is responsible for keeping the stomach 
lining and kidneys healthy, leading to common side-effects including stomach 
irritation. 

The miniaturized, parallel screening of a plurality of protein interactions is 
also useful and necessary for a number of applications beyond high-throughput 
drug screening. For instance, the function of newly discovered proteins could be 
assayed effectively in a parallel format with a plurality of potential ligands or 
potential substrates of known protein families. Also, miniaturized diagnostic 
devices which allow for the analysis of a plurality of analytes by binding the 
analytes to proteins such as antibodies would be desirable. 

For the foregoing reasons, there is a need for a miniaturized device and 
methods of using the device for the parallel m vara, screening of a plurality of 



WO 00/04390 



PCT/US99/15969 



biomolecular interactions, especially the interactions of proteins with analytes or ' 
other proteins. 



SUMMARY OF THE INVENTION 
The present invention is directed to a device and methods of use of the 
device that satisfy the need for the parallel, in vitro, screening of a plurality of 
biomolecular interactions, especially the interactions of proteins with analytes or 
other proteins. 

One embodiment of the present invention provides a device for analyzing 
components of a fluid sample, comprising a plurality of noncontiguous reactive 
sites. Each of the reactive sites comprises a substrate, an organic thinfilm 
chemisorbed or physisorbed on a portion of a surface of the substrate, and a 
biological moiety immobilized on the organic thinfilm, wherein each of the 
reactive sites may independently react with a component of the fluid sample and 
are separated from each other by a region of the substrate that is free of organic 
thinfilm. 

In a particularly preferred embodiment of the device, each of the reactive 
sites on the device of the invention is in a microchannel oriented parallel to 
microchannels of other reactive sites on the device, where the microchannels are 
microfabricated into or onto the substrate. 

An alternative embodiment of the invention provides a device for analyzing 
components of a fluid sample that comprises a substrate, a plurality of parallel 
microchannels microfabricated into or onto said substrate, and a biological moiety 
immobilized within at least one of the parallel microchannels in such a way that 
the biological moiety may interact with a component of the fluid sample. In a 
preferred embodiment, the biological moiety is a protein. 

Methods of using the devices of the invention are also provided by the 
present invention. In one embodiment, the invention provides for a method of 
screening a plurality of biological moieties in parallel for their ability to interact 
with a component of a fluid sample. This method comprises first deliver the 
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m an alternative embodiment of the mvention, the device of the invention 
- "ed to screen a plnrality of components, eaoh in separate fhnd samples for 
toetr abtlity to interact with a biological mote*. The method of mis embodiment 
compnses firs, delivering each of the dtfferen, flnid samples to separate reactive 
sues of me invention device, wherein the separate reactive sties „f the device each 
compnse me immobilized biological moiety. The next step comprises detecting 
ether dn-ecdy or indirectly, for the interaction of me ^mobilized biological 
motety a, each reactive site with the component delivered to that reactive site 
Agarn, the interaction being assayed may be a binding interaction, catalysis „ r 
translocation by a membrane protein through a lipid bilayer. 

to another embodiment of me present mvention, a sintilar method is used ,o 
screen a fhnd sample f„ r me prescnce or „„,„„„, of , rf ^ 

parallel). This method has potential applications in diagnostics The method 
compnses defivering the fluid sample to a plurality of reactive sues on the 
mvennon device, wherein each of me reactive sites compnses an immobilized 
btologrcal moiety whtch can either react bmd, or otherwise interact with a, one of 
satd plurality of analytes. The method also comprises a final step of detecting for 
me mteraction of the analyte with the unmobibzed biological moiety of each 
reactive site. 

b another embodiment of the mvention, me device may also be used to 
screen a plurality of burning candidates m parallel for men ability to bind to a 
btologtcal moiety. In the method of tins embodunent, differen, fluid samples 
each comaining a differen, bindmg candidate (or a differen, mixture of butding 
candies) ,„ be tested, are delivered separate reactive si.es of me mvention 
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device, wherein the separate reactive sites each comprise the immobilized 
biological moiety. The next step of the method comprises detecting either 
directly or indirectly, for the presence or amount of the binding candidate. 

The present invention also provides for methods of detennining in parallel 
whether or not each of a plurality of proteins belong to a certain protein family 
based on either binding to a common ligand or reactivity with a common 
substrate. These methods involve delivering a fluid sample comprising a ligand or 
substrate of a known protein family to the reactive sites of the invention device 
which each contain one of the different proteins to be assayed and then detecting 
either directly or mdirectly, for binding or reaction with the known ligand that is ' 
characteristic of the protein family. 

BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 shows the top view of a covered microchannel array device. 
Figure d shows a cross section of a covered microchannel array fabricated 
by bulk micromachining. 

Figure 3 shows a cross section of a covered microchannel array fabricated 
by sacrificial rmcromachining. 

Figure 4 shows a thiolreactive monolayer on a substrate. 
Figure 5 shows an aminoreactive monolayer on a coated substrate. 
Figure 6 shows a biological moiety immobilized on a monolayer-coated 
substrate via an affinity tag. 

- Figure 7 shows a cross section view of a biomolecule-coated microchannel 
in a microchannel array device. 

Figure 8 shows a biological moiety immobilized on a monolayer-coated 
substrate via an affinity tag and an adaptor molecule. 

Figure 9 shows a schematic diagram of a fluorescence detection unit which 
may be used to monitor interaction of the immobilized biological moieties of a 
microchannel array with an analyte. 
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DETAILED DESCRIPTION OF THE INVENTION 
A variety of devices and methods useful for drug development, proteoses, 
and, clinical diagnostics are provided by the present invention. 

(a) Definitions 

The terms "biological moiety" and "biomolecule" are used interchangeably 
and each refer to any entity that either has, or is suspected of having, a 
• physiological function. The biological moiety may be a single molecule or may 
be a macromolecular complex. One example of a biological moiety is a 
polynucleotide. A preferred biological moiety is a protein. The protein may be 
any intracellular or an extracellular protein, including any membrane protein or 
secreted protein. Other possible biological moieties include small molecule 
compounds which can act as inhibitors of enzymes or which can bind other 
biomolecules. For instance, a biological moiety may optionally be a protein- 
capture agent. 

The term "polynucleotide" means a deoxyribonucleotide or ribonucleotide 
polymer in either single- or double-stranded form, and unless otherwise limited, 
encompasses known analogs of natural nucleotides that can function m a manner 
similar to naturally occurring nucleotides. The polynucleotide may be obtained 
from a natural source or produced in vitro or in vivo by enzymatic or chemical 
synthesis. No distinction is made herein between a nucleic acid, a polynucleotide, 
and an oligonucleotide. Preferably the polynucleotide comprises at least about 16 
nucleotides. 

A "protein" means a polymer of amino acid residues linked together by 
peptide bonds. The term, as used herein, refers to proteins, polypeptides, and 
peptides of any size, structure, or function. Typically, however, a protein will be 
at least about six amino acids long. Preferably, ifthe protein is a short peptide it 
will be at least about 1 0 ammo acid residues long. A protein may be naturally 
occurring, recombinant, or synthetic, or any combination of these. A protein may 
also be just a fragment of a naturally occurring protein or peptide. A protein mav 
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be a single molecule or may be a multi-molecular complex. The term protein may 
also apply to amino acid polymers in which one or more amino acid residues is an 
artificial chemical analogue of a corresponding naturally occurring amino acid. 
An amino acid polymer in which one or more amino acid residues is an 
"unnatural" amino acid, not corresponding to any naturally occurring amino acid, 
is also encompassed by the use of the term "protein" herein. 

A "fragment of a protein" means a protein which is a portion of another 
protein. For instance, fragments of a proteins may be polypeptides obtained by 
doing a digest of full-length protein isolated from cultured cells. A fragment of a 
protein will typically comprise at least six amino acids. More typically, the 
fragment will comprise at least ten amino acids. Preferably, the fragment 
comprises at least about 16 amino acids. 

The term "antibody" means an immunoglobulin, whether natural or wholly 
or partially synthetically produced. All derivatives thereof which maintain 
specific binding ability are also included in the term. The term also covers any 
protein having a binding domain which is homologous or largely homologous to 
an immunoglobulin binding domain, including chimeric and humanized 
antibodies. These proteins may be derived from natural sources, or partly or 
wholly synthetically produced. An antibody may be monoclonal or polyclonal. 
The antibody may be a member of any immunoglobulin class, including any of the 
human classes: IgG, IgM, IgA, IgD, and IgE. Derivatives of the IgG class, 
however, are preferred in the present invention. 

The term "antibody fragment" refers to any derivative of an antibody which 
is less than full-length. Preferably, the antibody fragment retains at least a 
significant portion of the full-length antibody's specific binding ability. Examples 
of antibody fragments include, but are not limited to, Fab, Fab', F(ab') 2 , scFv, Fv, 
dsFv diabody, and Fd fragments. The antibody fragment may be produced by any 
means. For instance, the antibody fragment may be enzymatically or chemically 
produced by fragmentation of an intact antibody or it may be recombinantly 
produced from a gene encoding the partial antibody sequence. Alternatively, the 
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antibody fragment may be wholly or partially synthetically produced. The 
antibody fragment may optionally be a single chain antibody fragment. 
Alternatively, the fragment may comprise multiple chains which are linked 
together, for instance, by disulfide linkages. The fragment may also optionally be 
a multimolecular complex. A functional antibody fragment will typically 
comprise at least about 50 amino acids and more typically will comprise at least 
about 200 amino acids. 

Single-chain Fvs (scFvs) are recombinant antibody fragments consisting of 
only the variable light chain (V L ) and variable heavy chain (V H ) covalently 
connected to one another by a polypeptide linker. Either V L or V H may be the 
NH 2 -terminal domain. The polypeptide linker may be of variable length and 
composition so long as the two variable domains are bridged without serious steric 
interference. Typically, the linkers are comprised primarily of stretches of glycine 
and serine residues with some glutamic acid or lysine residues interspersed for 
solubility. 

"Diabodies" are dimeric scFvs. The components of diabodies typically 
have shorter peptide linkers than most scFvs and they show a preference for 
associating as dimers. 

An "Fv" fragment is an antibody fragment which consists of one V H and 
one V L domain held together by noncovalent interactions. The term "dsFv" is 
used herein to refer to an Fv with an engineered intermolecular disulfide bond to 
stabilize the V H -V L pair. 

A "F(ab')2" fragment is an antibody fragment essentially equivalent to that 
obtained from immunoglobulins (typically IgG) by digestion with an enzyme - 
pepsin at pH 4.0-4.5. The fragment may be recombinantly produced. 

A "Fab 5 " fragment is an antibody fragment essentially equivalent to that 
obtained by reduction of the disulfide bridge or bridges joining the two heavy 
chain pieces in the F(ab') 2 fragment. The Fab' fragment may be recombinantly 
produced. 
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A "Fab" fragment is an antibody fragment essentially equivalent to that " 
obtained by digestion of immunoglobulins (typically IgG) with the enzyme 
papain. The Fab fragment may be recombinantly produced. The heavy chain 
segment of the Fab fragment is the Fd piece. 

The term "protein-capture agent" means a molecule or a multi-molecular 
complex which can bind a protein to itself. Protein-capture agents preferably bind 
their binding partners in a substantially specific manner. Protein-capture agents 
with a dissociation constant (K D ) of less than about 10* are preferred. Antibodies 
or antibody fragments are highly suitable as protein-capture agents. Antigens may 
also serve as protein-capture agents, since they are capable of binding antibodies. 
A receptor which binds a protein ligand is another example of a possible protein- 
capture agent. Protein-capture agents are understood not to be limited to agents 
which only interact with their binding partners through noncovalent interactions. 
Protein-capture agents may also optionally become covalently attached to the 
proteins which they bind. For instance, the protein-capture agent may be 
photocrosslinked to its binding partner following binding. 

The term "binding partner" means a protein which is bound by a particular 
protein-capture agent, preferably in a substantially specific manner. In some 
cases, the binding partner may be the protein normally bound in vivo by a protem 
which is a protein-capture agent. In other embodiments, however, the binding 
partner may be the protein or peptide on which the protein-capture agent was 
selected (through in vitro or in vivo selection) or raised (as in the case of 
antibodies). A binding partner may be shared by more than one protein-capture 
agent. For instance, a binding partner which is bound by a variety of polyclonal 
antibodies may bear a number of different epitopes. One protein-capture agent 
may also bind to a multitude of binding partners (for instance, if the binding 
partners share the same epitope), 

"Conditions suitable for protein binding" means those conditions (in terms 
of salt concentration, pH, detergent, protein concentration, temperature, etc.) 
which allow for binding to occur between a protein-capture agent and its binding 
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partner in solution. Preferably, the conditions are not so lenient that a significant' 
amount of nonspecific protein binding occurs. 

A "body fluid" may be any liquid substance extracted, excreted, or secreted 
from an organism or tissue of an organism. The body fluid need not necessarily 
contain cells. Body fluids of relevance to the present invention include, but are 
not limited to, whole blood, serum, urine, plasma, cerebral spinal fluid, tears, 
sinovial fluid, and amniotic fluid. 

The term "substrate" refers to the bulk, underlying, and core material of the 
devices of the invention. 

The terms "micromacliining" and "microfabrication" both refer to any 
number of techniques which are useful in the generation of microstructures 
(structures with feature sizes of sub-millimeter scale). Such technologies include, 
but are not limitedto, laser ablation, electrodeposition, physical and chemical 
vapor deposition, photolithography, and wet chemical and dry etching. Related 
technologies such as injection molding and LIGA (x-ray lithography, 
electrodeposition, and molding) are also included. Most of these techniques were 
originally developed for use in semiconductors, microelectronics, and Micro- 
ElectroMechanical Systems (MEMS) but are applicable to the present invention as 
well. 

The term "coating" means a layer that is either naturally or synthetically 
formed on or applied to the surface of the substrate. For instance, exposure of a 
substrate, such as silicon, to air results in oxidation of the exposed surface. In the 
case of a substrate made of silicon, a silicon oxide coating is formed on the 
surface upon exposure to air. In other instances, the coating is not derived from 
the substrate and may be placed upon the surface via mechanical, physical, 
electrical, or chemical means. An example of this type of coating would be a 
metal coating that is applied to a silicon or polymer substrate or a silicon nitride 
coating that is applied to a silicon substrate. Although a coating may be of any 
thickness, typically the coating has a thickness smaller than that of the substrate. 
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An "interlayer" is an additional coating or layer that is positioned between" 
the first coating and the substrate. Multiple interlayers may optionally be used 
together. The primary purpose of a typical interlayer is to aid adhesion between 
the first coating and the substrate. One such example is the use of a titanium or 
chromium interlayer to help adhere a gold coating to a silicon or glass surface. 
However, other possible functions of an interlayer are also anticipated. For 
instance, some interlayers may perform a role in the detection system of the 
device (such as a semiconductor or metal layer between a nonconductive substrate 
and a nonconductive coating). 

An "organic thinfilm" is a thin layer of organic molecules which has been 
applied to a substrate or to a coating on a substrate if present. Typically, an 
organic thinfilm is less than about 20 nm thick. Optionally, an organic thinfilm 
may be less than about 10 nm thick. An organic thinfilm may be disordered or 
ordered. For instance, an organic thinfilm can be amorphous (such as a 
chemisorbed or spin-coated polymer) or highly organized (such as a Langmuir- 
Blodgett film or self-assembled monolayer). An organic thinfilm may be 
heterogeneous or homogeneous. Organic thinfUms which are monolayers are 
preferred. A lipid bilayer or monolayer is a preferred organic thinfilm. 
Optionally, the organic thinfilm may comprise a combination of more than one 
form of organic thinfilm. For instance, an organic thinfilm may comprise a lipid 
bilayer on top of a self-assembled monolayer. A hydrogel may also compose an 
organic thinfilm. The organic thinfilm will typically have functionalities exposed 
on its surface which serve to enhance the surface conditions of a substrate or the 
coating on a substrate in any of a number of ways. For instance, exposed 
functionalities of the organic thinfilm are typically useful in the binding or 
covalent immobilization of the biological moieties to the device. Alternatively, 
the organic thinfilm may bear functional groups (such as polyethylene glycol 
(PEG)) which reduce the non-specific binding of biomolecules and omer analytes 
to the surface. Other exposed functionalities serve to tether the thinfilni to the 
surface of the substrate or the coating. Particular functionalities of the organic 
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thinfilm may also be designed to enable certain detection techniques to be used " 
with the surface. Alternatively, the organic thinfilm may serve the purpose of 
preventing inactivation of a biological moiety immobilized on the device from 
occurnng upon contact with the surface of a substrate or a coating on the surface 
of a substrate. 

A "monolayer is a single-mokcule (hick organic thinfilm. A monolayer 
may be disordered or ordered. A monolayer may optionally be a polymeric 
compound, snch as a polynonionic poly™, a polyionic polymer, or a block- 
copolymer. ForinsanccftenronolayermaybccomposedofapoWamnroacid) 
suchaspolylysine. A monolayer which is a self-assembled monolayer however 
ts most preferred. One face ofthe self-assembled monolayer is typically 
composed of chemtca. functionaries on the tetmuri of dte organic moleonles tat 
are chemtsorbed or physisorbed onto the surface ofthe substrate or the coating if 
present on the substrate. Examples of suitable funcfionaltties of monolayers ' 
mclude the positively charged amino groups of poly-L-lystne for use on negatively 
charged surfaces and thiols for use on gold surfaces. Typically, the other face of 
the self-assembled monolayer ia exposed and may bear any number of chemical 
functionalities (end groups). Preferably, the molecules ofthe self-assembled 
monolayer are highly ordered. 

A "self-assembled monolayer" is a monolayer which is created by the 
spontaneous assembly of molecules. The self-assembled monolayer may be 
ordered, disordered, or exhibit short- to long-range order. 

An "affinity tag" ts a functional moiety capable of directly or tndirecdy 
""mobilizing a biological moiety onto an exposed functionality ofthe organic 
mmftlm. Preferably, me affinity tag enables the site-spectfic immobiltzation and 
thus enhances ortentation ofthe biological moiety onto the orgaruc thinfibn h 
some cases, the affinity tag may be a simple chemical functional group Other 
posstbthties mclude ammo acids, poly(ammo acid) tags, or ftll-lengm protems 
ShU other possibilities include carbohydrates and nucletc actds. For instance dte 
affiruty tag may be a polynucleotide which hybridizes to another pohmucleotide 
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serving as a functional group on the organic thinfilm or another polynucleotide ' 
serving as an adaptor. The affinity tag may also be a synthetic chemical moiety If 
the organic thinfilm of each of the sites comprises a lipid bilayer or monolayer, 
then a membrane anchor is a suitable affinity tag. The affinity tag may be 
covalently or noncovalently attached to the biological moiety. For instance, if the 
affinity tag is covalently attached to a biological moiety which is a protein, it may 
be attached via chemical conjugation or as a fusion protein. The affinity tag may 
also be attached to the biological moiety via a cleavable linkage. Alternatively, 
the affinity tag may not be directly in contact with the biological moiety. The 
affinity tag may instead be separated from the biological moiety by an adaptor. 
The affinity tag may immobilize the biological moiety to the organic thinfilm 
either through noncovalent interactions or through a covalent linkage. 

An "adaptor", for purposes of this invention, is any entity that links an 
affinity tag to the immobilized biological moiety of the device. The adaptor may 
be, but need not necessarily be, a discrete molecule that is noncovalently attached 
to both the affinity tag and the biological moiety. The adaptor can instead be 
covalently attached to the affinity tag or the biological moiety or both (via 
chemical conjugation or as a fusion protein, for instance). Proteins such as full- 
length proteins, polypeptides, or peptides are typical adaptors. Other possible 
adaptors include carbohydrates and nucleic acids. 

The term "fusion protein" refers to a protein composed of two or more 
polypeptides that, although typically unjoined in their native state, are joined by 
their respective amino and carboxyl termini through a peptide linkage to form a 
smgle continuous polypeptide. It is understood that the two or more polypeptide 
components can either be directly joined or indirectly joined through a peptide 
linker/spacer. 

The term "normal physiological condition" means conditions that are 
typical rnside a living organism or a cell. While is recognized that some organs 
or orgamsms provide extreme conditions, the intra-organismal and intra-cellular 
envronmen, normally vanes around P H 7 (,.,., from pH 6 5 to pH 7.5). contains 
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0) The devices of the invention. 

h one aspect the present invention provrdes a device for anaiyzi™ 
compone„ B of a fluid sample. This device comprises a plurality „f aoilconn 
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" a m -»^anne, oriented parallel ,„ microchanneis of other reactive 



WO 00/04390 

PCT/US99/15969 

17 

sites on the device. The microchannels of such a device have optionally been ' 
microfabricated or micromachined into or onto the substrate of the device. A 
reactive site may optionally cover the entire interior surface of the microchannel 
or alternatively, only a portion of the interior surface of the microchannel. 

In another embodiment, the invention provides a device for analyzing 
components of a fluid sample which comprises a substrate, a plurality of parallel 
microchannels microfabricated into or onto the substrate, and a biological moiety 
immobilized within at least one of the parallel microchannels, wherem the 
biological moiety may interact with a component of the fluid sample. Preferably, 
a number of parallel microchannels will comprise immobilized biological 
moieties. It is also preferred that the immobilized biological moiety of each 
microchannel be immobilized on an organic thinfilm on at least a portion of the 
inner surface of the microchannel. 

Figure 1 illustrates one embodiment of the invention showing an array of 
microchannels 1 that have been fabricated into a bulk substrate material. In the 
particular device shown, forty-eight parallel microchannels 1 have been 
microfabricated into a substrate 3. A glass cover 2 covers a portion of the 
microchannel array. 

In one embodiment of the invention, the device comprises at least 2 parallel 
microchannel reactive sites. In another embodiment of the invention, the device 
comprises at least 10 parallel microchannel reactive sites. In a preferred 
embodiment of the invention, the device comprises at least 100 parallel 
microchannel reactive sites. In a particularly preferred embodiment, the device 
comprises from about 100 to about 500 parallel microchannels. The 
microchannels are typically separated from one another by from about 10 urn to 
about 5 mm. The device may optionally comprise from about 2 to about 500 
parallel microchannels per cm 2 of substrate. 

The dimensions of the microchannels may vary. However, in preferred 
embodiments the scale is small enough so as to only require minute fluid sample 
volumes. The width and depth of each microchannel of the invention device is 
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typically between about 10 pm and about 500 m ; h a preferred embodiment of 
the device, the width and depth of each microchannel is between about 50 and 200 
^. The length of each microchannel is from about 1 to about 20 mm m length. 
In a preferred embodiment, the length of each microchannel is from about 2 to 
about 8 mm long. Any channel cross-section geometry (trapezoidal, rectangular, 
v-shaped, semicircular, etc.) may be employed in the device. The geometry is 
determined by the type of microfabncation or micromacluning process used to 
generate the microchannels, as is known in the art. Trapezoidal or rectangular 
cross-section geometries are preferred for the microchannels, since they readily 
accommodate standard fluorescence detection methods. 

Numerous different materials may be used as the substrate of the invention 
device. The substrate may be organic or inorganic, biological or non-biological 
or any combination of these materials. The substrate can optionally be transparent 
or translucent. Substrates suitable for micromachmmg or microfabrication are 
preferred, The substrate of the invention can optionally comprise a material 
selected from a group consisting of silicon, silica, quartz, glass, controlled pore 
glass, carbon, alumina, titania, tantalum oxide, germanium, silicon nitride, 
zeolites, and gallium arsenide. Many metals such as gold, platinum, aluminum, 
copper, titanium, and their alloys are also options for substrates. In addition, 
many ceramics and polymers may also be used as substrates. Polymers which 
may be used as substrates include, but are not limited to, the following: 
polystyrene; poly(tetra)fluoroethylene (PTFE); polyvinylidenedifluoride; 
polycarbonate; polymethylmethacrylate; polyvinylethylene; polyemyleneunine- 
poly(etherether)ketone; polyoxymethylene (POM); polyphenol; polylactides; 
polymethacrylimide (PMI); polyalkenesulfone (PAS); polypropylene; 
polyethylene; polyhydroxyethylmethacrylate (HEMA); polydimethylsiloxane; 
polyacrylamide; polyimide; and block-copolymers. Preferred substrates for the 
dev.ce niclude silicon, silica, glass, and polymers. The substrate may also be a 
combination of any of the aforementioned substrate materials. 
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In order to generate a plurality of reactive sites, such as a parallel array of 
microchannels, the substrate material first has to be cleaned to remove 
contaminants such as solvent stains, dust, or organic residues. A variety of 
cleaning procedures can be used depending on the substrate material and origin of 
contaminants. These include wet immersion processes (for example, RCA1+2, 
"pyranha", solvents), dry vapor phase cleaning, thermal treatment, plasma or glow 
discharge techniques, polishing with abrasive compounds, short-wavelength light 
exposure, ultrasonic agitation and treatment with supercritical fluids. 

Channels can then be formed on the surface of the substrate by either (1) 
bulk nucromachining, (2) sacrificial nucromachining, (3) LIGA (high aspect ratio 
plating) or (4) other techniques, or any combination thereof. Such techniques are 
well known in the semiconductor and microelectronics industries and are 
described in, for example, Ghandi, VLSI Fabrication Principles, Wiley (1983) and 
Sze, VLSI Technology, 2nd Ed., McGraw-Hill (1988); Wolf and Taube, Silicon 
Processing for the VLSI Era, Vol. I, Lattice Press (1986), and Madou, 
Fundamentals of Microfabrication, CRC Press ( 1 997). 

In bulk nucromachining, large portions of the substrate are removed to 
form rectangular or v-shaped grooves comprising the final dimensions of the 
microchannels. This process is usually carried out with standard 
photolithographic techniques involving spin-coating of resist materials, 
illumination through lithography masks followed by wet-chemical development 
and posttreatment steps such as descumming and post-baking. The resulting resist 
pattern is then used as an etch resist material for subsequent wet or dry etching of 
the bulk material to form the desired topographical structures. Typical resist 
materials include positive and negative organic resists (such as Kodak 747, 
PR102), inorganic materials (such as polysilicon, silicon nitride) and biological 
etch resists (for example Langmuir-Blodgett films and two-dimensional protein 
crystals such as the S-layer of Sulfolobus acidocladarius). Pattern transfer into 
the substrate and resist stripping occurs via wet-chemical and dry etching 
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techniques including plasma etching, reactive ion etching, sputtering, ion-beam- ' 
assisted chemical etching and reactive ion beam etching. 

In one embodiment of the invention, for instance, a photoresist may be 
spincoated onto a cleaned 4 inch Si(l 10) wafer. Ultraviolet light exposure 
through a photomask onto the photoresist then results in a pattern of channels in 
the photoresist, exposing a pattern of strips of the silicon underneath. Wet- 
chemical etching techniques can then be applied to etch the channel pattern into 
the silicon. Next, a thin layer of titanium can be coated on the surface. A thin 
layer of gold is then coated on the surface via thermal or electron beam 
evaporation. Standard resist stripping follows. (Alternatively, the gold-coating 
could be carried out after the strip resist.) 

Figure 2 shows a cross section view of one example of a microchannel 
array fabricated by bulk micromachining. A microchannel 1 in substrate 3 is 
covered by a glass cover 2. At the bottom of the microchannel, the surface of the 
substrate 3 is covered with a coating 5, separated by an interlayer 6. 

In sacrificial micromachining, the substrate is left essentially untouched. 
Various thick layers of other materials are built up by vapor deposition, plasma- 
enhanced chemical vapor deposition (PECVD) or spin coating and selectively 
remain behind or are removed by subsequent processing steps. Thus, the resulting 
channel walls are chemically different from the bottom of the channels and the 
resist material remains as part of the microdevice. Typical resist materials for 
sacrificial micromachining are silicon nitride (Si 3 N 4 ), polysilicon, thermally 
grown silicon oxide and organic resists such as SU-8 and polyimides allowing the 
formation of high aspect-ratio features with straight sidewalk 

Figure 3 shows a cross section view of one example of a microchannel 
array that has been fabricated by sacrificial micromachining. MicroChannel 1 has 
walls that consist of photoresist 4 and a floor that comprises a substrate 3 that is 
covered with a coating 5 plus an interlayer 6. A glass cover 2 covers the 
microchannel 1. 
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In high-aspect ratio plating or LIGA, three-dimensional metal structures are 
made by high-energy X-ray radiation exposures on materials coated with X-ray 
resists. Subsequent electrodeposition and resist removal result in metal structures 
that can be used for precision plastic injection molding. These injection-molded 
plastic parts can be used either as the final microdevice or as lost molds. The 
LIGA process has been described by Becker et al., Microelectron Engineering 
(1986) 4:35-56 and Becker et al., Naturwissenschaften (1982) 69:520-523. 

Alternative techniques for the fabrication of microchannel arrays mclude 
focused ion-beam (FIB) milling, electrostatic discharge machining (EDM), 
ultrasonic drilling, laser ablation (US Patent No. 5,571,410), mechanical milling 
and thermal molding techniques. One skilled in the art will recognize that many 
variations in microfabrication or imcromachining techniques may be used to 
construct the device of the present invention. 

In one embodiment, transparent or translucent covers are attached to the 
substrate via anodic bonding or adhesive coatings, resulting in microchannel 
arrays with inlet and outlet ports. In a preferred embodiment, the microchannel 
covers are glass, especially Pyrex or quartz glass. In alternative embodiments, a 
cover which is neither transparent nor translucent may be bonded or otherwise 
attached to the substrate to enclose the microchannels. In other embodiments the 
cover may be part of a detection system to monitor the interaction between 
biological moieties immobilized within the channel and an analyte. Alternatively, 
a polymeric cover may be attached to a polymeric substrate channel array by other 
means, such as by the application of heat with pressure or through solvent-based 
bonding. 

One particular embodiment of a covered microchannel array is illustrated 
by Figure 1. In this device, a transparent glass cover 2 covers most of the length, 
although not all, of each of the parallel microchannels of the array. Since in this 
particular embodiment the microchannels do not extend fully to the edge of the 
substrate, the incomplete coverage of the channel length provides an inlet and 
outlet port for each of the microchannels. 
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Attachment of a cover to the microchannel array can precede formation of 
the organic thinfilm on the reactive sites. If this is the case, then the solution 
which contains the components of the organic thinfilm (typically an organic 
solvent) can be applied to the interior of the channels via microfabricated 
dispensing systems that have integrated microcapillaries and suitable entry/exit 
ports. Alternatively, the organic thinfilms can be deposited in the microchannels 
poor to enclosure of the microchannels. For these embodiments, organic thinfilms 
such as monolayers can optionally be transferred to the inner microchannel 
surfaces via simple immersion or through microcontact printing (see PCT 
- Publication WO 96/29629). In a most preferred embodiment, the orgamc thinfilm 
ni all of the microchannels is identical. In such a case, simple immersion of the 
microchannel array or incubation of all of the microchannel interiors with the 
same fluid containing the thinfilm components is sufficient. 

The volume of each enclosed microchannel may optionally be from about 5 
nanoliters to about 300 nanoliters. In a preferred embodiment, the volume of an 
enclosed microchannel of the invention device is between 10 and 50 nanoliters. 

Volumes of fluid may be moved through each microchannel by a number 
of standard means known to those skilled in the art. The sophisticated means 
required for moving fluids through microfluidic devices and mixing in microtiter 
plates are not needed for the microchannel array of the present invention. Simple 
liquid exchange techniques commonly used with capillary technologies will 
suffice. For instance, fluid may be moved through the channel using standard 
pumps. Alternatively, more sophisticated methods of fluid movement through the 
microchannels such as electro-osmosis may be employed (for example, see US 
Patent No. 4,908,112). 

In one embodiment of the present invention, bulk-loading dispensing 
devices can be used to load all microchannels of the device at once with the same 
fluid. Alternatively, integrated microcapulary dispensing devices may be 
microfabricated out of glass or other substrates to load fluids separately to each 
microchannel of the device. 
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After formation of a microchannel, the sides, bottom, or cover of the 
microchannel or any portion or combination thereof, can then be further 
chemically modified to achieve the desired bioreactive and biocompatible 
properties. 

The reactive sites of the device may optionally further comprise a coating 
between a substrate and its organic thinfilm. This coating may either be formed 
on the substrate or applied to the substrate. The substrate can be modified with a 
coating by using thin-film technology based, for example, on physical vapor 
deposition (PVD), thermal processing, or plasma-enhanced chemical vapor 
deposition (PECVD). Alternatively, plasma exposure can be used to directly 
activate or alter the substrate and create a coating. For instance, plasma etch 
procedures can be used to oxidize a polymeric surface {i.e., polystyrene or 
polyethylene to expose polar functionalities such as hydroxyls, carboxylic acids, 
aldehydes and the like). 

The coating is optionally a metal film. Possible metal films include 
aluminum, chromium, titanium, tantalum, nickel, stainless steel, zinc, lead, iron, 
copper, magnesium, manganese, cadmium, tungsten, cobalt, and alloys or oxides 
thereof. In a preferred embodiment, the metal film is a noble metal film. Noble 
metals that may be used for a coating include, but are not limited to, gold, 
platinum, silver, and copper. In an especially preferred embodiment, the coating 
comprises gold or a gold alloy. Electron-beam evaporation may be used to 
provide a thin coating of gold on the surface of the substrate. In a preferred 
embodiment, the metal film is from about 50 nm to about 500 nm in thickness. In 
another embodiment, the metal film is from about 1 nm to about 1 pm in 
thickness. 

In alternative embodiments, the coating comprises a composition selected 
from the group consisting of silicon, silicon oxide, titania, tantalum oxide, silicon 
nitride, silicon hydride, indium tin oxide, magnesium oxide, alumina, glass, 
hydroxylated surfaces, and polymers. 
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If the reactive site comprises a coating between the substrate and the ' 
organic thinfilm, then it is understood that the coating must be composed of a 
material for which a suitable functional group on the organic thinfilm is available. 
If no such coating is present, then it is understood that the substrate must be 
composed of a material for which a suitable functional group on the organic 
thinfilm is available. 

It is contemplated that many coatings will require the addition of at least 
- one adhesion layer or mediator between the coating and the substrate. For 
instance, a layer of titanium or chromium may be desirable between a silicon 
wafer and a gold coating. In an alternative embodiment, an epoxy glue such as 
Epo-tek 377®, Epo-tek 301-2®, (Epoxy Technology Inc., Billed*, 
Massachusetts) may be preferred to aid adherence of the coating to the substrate. 
Determinations as to what material should be used for the adhesion layer would be 
obvious to one skilled in the art once materials are chosen for both the substrate 
and coating. In other embodiments, additional adhesion mediators or interlayers 
may be necessary to improve the optical properties of the device, for instance, in 
waveguides for detection purposes. 

Deposition or formation of the coating on the substrate (if such coatings are 
desired) must occur prior to the formation of organic thinfilms thereon. 

The organic thinfilm on the reactive sites of the device forms a layer either 
on the substrate itself or on a coating covering the substrate. The organic thinfilm 
on which the biological moieties are immobilized is preferably less than about 20 
nm thick. In some embodiments of the invention, the organic thinfilm of each of 
the sites may be less than about 10 nm thick. 

A variety of different organic thinfilms are suitable for use in the present 
invention. Methods for the formation of organic thinfilms include in situ growth 
from the surface, deposition by physisorption, spm-coating, chemisorption, self- 
assembly, or plasma-initiated polymerization from gas phase. For instance, a 
hydrogel composed of a material such as dextran can serve as a suitable organic 
thinfilm on the sites of the device. In one preferred embodiment of the invention 
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the organic thinfilm is a lipid bilayer or lipid monolayer. In another preferred ' 
embodiment, the organic thinfilm of each of the sites of the device is a monolayer 
A monolayer of polyarginine or polylysine adsorbed on a negatively charged 
substrate or coating is one option for the organic thinfilm. Another option is a 
disordered monolayer of tethered polymer chains. In a particularly preferred 
embodiment, the organic thinfilm is a self-assembled monolayer. A monolayer of 
polylysine is one option for the organic thinfilm, The organic thinfilm is most 
preferably a self-assembled monolayer which comprises molecules of the formula 
X-R-Y, wherein R is a spacer, X is a functional group that binds R to the surface, 
and Y is a functional group for binding proteins onto the monolayer. In an 
alternative preferred embodiment, the self-assembled monolayer is comprised of 
molecules of the formula (X),R(Y) b where a and b are, independently, integers 
equal to at least one and X, R, and Y are as previously defined. In an alternative 
preferred embodiment, the organic thinfilm comprises a combination of organic 
thinfilms such as a combination of a lipid bilayer immobilized on top of a self- 
assembled monolayer of molecules of the formula X-R-Y. As another example, a 
monolayer of polylysine can also optionally be combined with a self-assembled 
monolayer of molecules of the formula X-R-Y (see US Patent No. 5,629,213). 

A variety of chemical moieties may function as monolayer molecules of the 
formula X-R-Y in the device of the present invention. However, three major 
classes of monolayer formation are preferably used to expose high densities of 
reactive omega-functionalities on the reactive sites of the device: (i) alkylsiloxane 
monolayers ("silanes") on hydroxylated and non-hydroxylated surfaces (as taught 
m, for example, US Patent No. 5,405,766, PCT Publication WO 96/38726 US 
Patent No. 5,412,087, and US Patent No. 5,688,642); (ii) alkyl- 
thiol/dialkyldisulfide monolayers on noble metals (preferably Au(l 1 1)) (as for 
example, described in Allara el al, US 4,690,7,5; Bamdad et al, US 5,620,850; 
Wagner et al , Biophysical Journal, 1 996, 70:2052-2066); and (iii) alkyl 
monolayer formation on oxide-free passivated silicon (as taught in, for example 
Linford et al, J An, Chem. Soc. 1995. 1 1 7:3 145-3 155, Wagner „ al. Journal of 
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Structural Biology, 1997, 119:189-201, US Patent No. 5,429,708) One of ' 
ordinary skill in the art, however, will recognize that many possible moieties may 
be substituted for X, R, and/or Y, dependent pnmanly upon the choice of 
substrate, coating, and affinity tag. Many examples of monolayers are descnbed 
"^AnlntroductiontoWmhinOr^ 
to Self Assembly, Academic press (1991). 

In one embodiment, the monolayer comprises molecules of the formula 
(X),R(Y) b wherein a and b are, independently, equal to an integer between 1 and 
about 200. In a preferred embodiment, a and b are, independently, equal to an 
integer between 1 and about 80. In a more preferred embodiment a and b are 
independently, equal to 1 or 2. In a most preferred embodiment, a and b are both 
equal to 1 (molecules of the formula X-R-Y). 

If the sites of the invention device comprise a self-assembled monolayer of 
molecules of the formula (X) a R(Y) b , then R may optionally comprise a linear or 
branched hydrocarbon chain from about 1 to about 400 carbons long. The 
hydrocarbon chain may comprise an alkyl, aryl, alkenyl, alkynyl, cycloalkyl, 
alkaryl, aralkyl group, or any combination thereof If a and b are both equal to 
one, then R is typically an alkyl chain from about 3 to about 30 carbons long In a 
preferred embodiment, if a and b are both equal to one, then R is an alkyl chain 
from about 8 to about 22 carbons long and is, optionally, a straight alkane 

HoweveUtisalsocontemplatedmatmanaltemativeembodimenUmayreadily 
comprise a linear or branched hydrocarbon chain from about 2 to about 400 
carbons long and be interrupted by at least one hetero atom. The interrupting 
hetero groups can include -0-, -CONH-, -CONHCO-, -NH-, -CSNH-, -CO-, -OS- 
'S-, -SO-, -(OCH 2 CH 2 ) n - (where n=l-20), -(CF 2 ) n - (where n=l-22), and the like ' 
Alternatively, one or more of the hydrogen moieties of R can be substituted with 
deuterium. In alternative, less preferred, embodiments, R may be more than about 
400 carbons long. 

X may be chosen as any group which affords chemisorption or 
Physisorption of the monolayer onto the surface of the subsfrate (or the coating, if 
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present). For instance, if the substrate or coating is a metal or metal alloy, X, at ' 
least prior to incorporation into the monolayer, is preferably an asymmetrical or 
symmetrical disulfide, sulfide, diselenide, selenide, thiol, isonitrile, selenol, a 
trivalent phosphorus compound, isothiocyanate, isocyanate, xanthanate, 
thiocarbamate, a phosphine, a amine, tfaio acid or dithio acid. This embodiment is 
especially preferred when the substrate, or coating if used, is a noble metal such as 
gold, silver, or platinum. 

If the substrate of the device is a material such as silicon, silicon oxide, 
indium tin oxide, magnesium oxide, alumina, quartz, glass, or silica, then the 
device of one embodiment of the invention comprises an X that, prior to 
incorporation into said monolayer, is a monohalosilane, dihalosilane, trihalosilane, 
trialkoxysilane, dialkoxysilane, or a monoalkoxysilane. Among these silanes, 
trichlorosilane and trialkoxysilane are particularly preferred. 

In a preferred embodiment of the invention, the substrate is selected from 
the group consisting of silicon, silicon dioxide, indium tin oxide, alumina, glass, 
and titania; and X, prior to incorporation into said monolayer, is selected from the 
group consisting of a monohalosilane, dihalosilane, trihalosilane, trichlorosilane, 
trialkoxysilane, dialkoxysilane, monoalkoxysilane, carboxylic acid, and 
phosphate. 

In another preferred embodiment of the invention, the substrate of the 
device is silicon and X is an olefin. 

In still another preferred embodiment of the invention, the coating (or the 
substrate if no coating is present) is titania or tantalum oxide and X is a phosphate. 

In other embodiments, the surface of the substrate (or coating thereon) is 
composed of a material such as titanium oxide, tantalum oxide, indium tin oxide, 
magnesium oxide, or alumina where X is a carboxylic acid or alkylphosphoric 
acid. Alternatively, if the surface of the substrate (or coating thereon) of the 
device is copper, then X may optionally be a hydroxamic acid. 

If the substrate used m the invention is a polymer, then in many cases a 
coating on the substrate such as a copper coating will be included in the device. 
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An appropriate functional group X for the coating would then be chosen for use in 
the device. In an alternative embodiment comprising a polymer substrate, the 
surface of the polymer may be plasma-modified to expose desirable surface 
functionalities for monolayer formation. For instance, EP 780423 describes the 
use of a monolayer molecule that has an alkene X functionality on a plasma 
exposed surface. Still another possibility for the invention device comprised of a 
polymer is that the surface of the polymer on which the monolayer is formed is 
functionalized due to copolymerization of appropriately functionalized precursor 
molecules. 

Another possibility is that prior to incorporation into the monolayer, X can 
be a free-radical-producing moiety. This functional group is especially 
appropriate when the surface on which the monolayer is formed is a hydrogenated 
silicon surface. Possible free-radical producing moieties include, but are not 
limited to, diacylperoxides, peroxides, and azo compounds. Alternatively, 
unsaturated moieties such as unsubstituted alkenes, alkynes, cyano compounds 
and isonitrile compounds can be used for X, if the reaction with X is accompanied 
by ultraviolet, infrared, visible, or microwave radiation. 

In alternative embodiments, X, prior to incorporation into the monolayer, 
may be a hydroxyl, carboxyl, vinyl, sulfonyl, phosphoryl, silicon hydnde, or an' 
amino group. 

The component, Y, of the monolayer is responsible for binding a biological 
moiety onto the monolayer. In a preferred embodiment of the invention, the Y 
group is either highly reactive (activated) towards the biological moiety (or its 
affinity tag) or is easily converted into such an activated form. In a preferred 
embodiment, the coupling of Y with the biological moiety occurs readily under 
normal physiological conditions not detrimental to the biological activity of the 
biological moiety. The functional group Y may either form a covalent linkage or a 
noncovalent linkage with the biological moiety (or its affinity tag, if present). In a 
preferred embodiment, the functional group Y forms a covalent linkage with the 
biological moiety or its affinity tag. It is understood that following the attachment 
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of the biological moiety (with or without an affinity tag) to Y, the chemical nature 
1 of Y may have changed. Upon attachment of the biological moiety, Y may even 
have been removed from the organic thinfilm. 

In one embodiment of the present invention, Y is a functional group that is 
activated in situ before attachment of the biological moiety. Possibilities for this 
type of functional group include, but are not limited to, such simple moieties such 
as a hydroxyl, carboxyl, amino, aldehyde, carbonyl, methyl, methylene, alkene, 
alkyne, carbonate, aryliodide, or a vinyl group. Appropriate modes of activation 
for these simple functional groups would be known by one of ordinary skill in the 
art. Alternatively, Y can comprise a functional group that requires photoactivation 
prior to becoming activated enough to trap the biological moiety. 

In an especially preferred embodiment of the device of the present 
invention, Y is a highly reactive functional moiety compatible with monolayer 
formation and needs no in situ activation prior to reaction with the biological 
moiety or its affinity tag. Such possibilities for Y include, but are not limited to, 
maleimide, N-hydroxysuccinimide (Wagner et al., Biophysical Journal, 1996, 
70:2052-2066), nitrilotriacetic acid (US Patent No. 5,620,850), activated 
hydroxyl, haloacetyl, bromoacetyl, iodoacetyl, activated carboxyl, hydrazide, 
epoxy, aziridine, sulfonylchloride, trifluoromethyldiaziridine, pyridyldisulfide, 
N-acyl-imidazole, imidazolecarbamate, vinylsulfone, succinimidylcarbonate, 
arylazide, anhydride, diazoacetate, benzophenone, isothiocyanate, isocyanate, 
imidoester, fluorobenzene, and biotin. 

Figure 4 shows one example of a monolayer on a substrate 3. In this 
example, substrate 3 comprises glass. The monolayer is thioreactive because it 
bears a maleimidyl functional group Y. 

Figure 5 shows another example of a monolayer on a substrate 3 which is 
silicon. In this case, however, a thinfilm gold coating 5 covers the surface of the 
substrate 3. Also, in this embodiment, a titanium adhesion interlayer 6 is used to 
adhere the coating 5 to the substrate 3. This monolayer is aminoreactive because 
it bears an N-hydroxysuccinimidyl functional group Y. 
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In an alternative embodiment, Y is selected from the group of simple 
functional moieties. Possible Y functional groups include, but are not limited to, 
-OH, -NH 2 , -COOH, -COOR, -RSR, -PCV 3 , -OSCV 2 , -S0 3 ., -COO-, -SOO-, 
-CONR 2 ,-CN,-NR 2 , and the like. 

The monolayer molecules of the present invention can optionally be 
assembled on the surface in parts. In other words, the monolayer need not 
necessarily be constructed by chemisorption or physisorption of molecules of the 
formula X-R-Y to the surface of the substrate (or coating). Instead, in one 
embodiment, X may be chemisorbed or physisorbed to the surface of the substrate 
(or coating) alone first. Then, R or even just individual components of R can be 
attached to X through a suitable chemical reaction. Upon completion of addition 
of the spacer R to the X moiety already immobilized on the surface, Y can be 
attached to the ends of the monolayer molecule through a suitable covalent 
linkage. 

Not all monolayer molecules at a given reactive site need to be identical. 
Some may consist of mixed monolayers. For instance, the monolayer of an 
individual reactive site may optionally comprise at least two different X-R-Y 
molecules. This second X-R-Y molecule may immobilize the same or a different 
biological moiety. In addition, many of the monolayer molecules, X-R-Y, of a 
reactive site may have failed to attach any biological moiety. 

As another alternative of the invention, the monolayer of an individual 
reactive site can comprise a second organic molecule that is of the formula, 
X-R-V where R is the spacer, X is the functional group that binds R to the 
surface, and V is a moiety resistant to the non-specific binding of biomolecules. 
One of ordinary skill in the art will recognize that the possibilities for V will vary 
depending upon the nature of the biological moiety chosen for the sites of the 
device. For instance, functional groups V which are resistant to non-specific 
protein binding are used if the immobilized biological moiety of the device 
comprises protein. The nature of V will be somewhat dependent upon the type of 
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proteins and solutions used. For instance, V may comprise a hydroxyl, 
saccharide, or oligo/polyethylene glycol moiety (EP Publication 780423). 

As a still further alternative of the invention device, the device may further 
comprise at least one unreactive site devoid of any biological moiety that 
comprises a monolayer of molecules of the formula X-R- V, where R is the spacer, 
X is the functional group that binds R to the surface, and V is the moiety resistant 
to the non-specific binding of biomolecules. In this embodiment, the unreactive 
site does not comprise any monolayers of molecules of the formula X-R-Y. 

Regardless of the nature of the monolayer molecules, in some cases it can 
be desirable to provide crosslinking between molecules of the monolayer. In 
general, this confers additional stability to the monolayer. Methods of 
crosslinking such monolayers are known to those skilled in the art (see Ullman, 
An Introduction to Ultrathin Organic Films: From Langmuir-Blodgett to Self- 
Assembly, Academic Press (1991). 

In addition to facilitating binding of the biological moiety to the substrate, 
functionalization of the substrate with organic thinfilms is desirable for other 
reasons as well. Many biological moieties and protein, in particular, are 
susceptible to disruption of their bioactivities at surface interfaces. Proteins are 
prone to both denaturation and undesirable, non-specific binding at the 
solid/liquid interface. Other biological moieties such as small molecule ligands 
may have less problematic interactions with the substrate surface interface, but 
upon approach of the biological binding partner, presumably a protein, to the 
small molecule in an assay, problems of inactivation become highly relevant. A 
highly-ordered organic monolayer can effectively "carpet" the surface of the 
substrate or coating, protecting the biological moiety from contact with the 
surface. These highly-ordered, self-assembled monolayers are preferred in the 
present invention. Additionally, the spacer R creates distance between the 
immobilized biological moiety and the surface. 

Following formation of organic thinfilm on the reactive sites of the 
invention device, the biological moieties are immobilized on the monolayers. A 
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solution containing the biological moiety to be immobilized can be exposed to the 
bioreactive^ organic thinfilm covered sites of the microdevice by either dispensing 
the solution by means of microfabricated adapter systems with integrated 
microcapillaries and entry/exit port, Such a dispensing mechanism would be 
suitable, for instance, if the reactive sites of the device were in covered parallel 
microchannels. Alternatively, the biological moieties may be transferred to 
uncovered sites of the device by using one of the arrayers based on capillary 
dispensing systems which are well known in the art and even commercially 
available. These dispensing systems are preferably automated and computer-aided 
A description of and building instructions for an example of a microarrayer 
comprising an automated capillary system can be found on the internet at 
http://cmgm.stanford.edu/pbrown/array.html and 

http://cmgm. S tanford.edu/pbroWmguide/mdex.h^ The use of other printing 
techniques is also anticipated. Following attachment of the biological moieties to 
the monolayer, unreacted Y-functional groups are preferably quenched prior to 
use of the device. 

In an alternative embodiment of the invention, the reactive sites of the 
device are not contamed within microcharmels. For instance, the reactive sites of 
the invention device may instead form an array of reactive sites like some of those 
descnbed in the co-pending U.S. patent applications "Arrays of Protein-Capture 
Agents and Methods of Use Thereof, filed on July 14, 1999, with the identifier 
24406-0006, for the inventors Peter Wagner, Steffen Nock, Dana Ault-Riche and 
Christian Itin, and "Arrays of Proteins and Methods of Use Thereof, filed on July 
14, 19 ^wimmeidentifier24406-0004Pl,formemventorsPete^ Dana 
Ault-Riche, Steffen Nock, and Christian Itin, both of which are herein 
incorporated by reference in their entirety. 



(c) Affinity tags and immobilization of the biological moieties. 

In a preferred embodiment, the reactive sites of the device further comprise 
an affinity tag that enhances immobilization of the biological moietv onto the 
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organic thinfilm. The use of an affinity tag to immobilize the biological moiety ' 
typically provides several advantages. An affinity tag can confer enhanced 
binding or reaction of the biological moiety with the functionalities on the organic 
thinfilm, such as Y if the organic thinfilm is a an X-R-Y monolayer as previously 
described. This enhancement effect may be either kinetic or thermodynamic. The 
affinity tag/thinfilm combination used on the reactive sites of the device 
preferably allows for immobilization of the biological moieties in a manner which 
does not require harsh reaction conditions that are adverse to the stability or 
function of the biological moiety. In most embodiments, immobilization to the 
organic thinfilm in aqueous, biological buffers is ideal. 

An affinity tag also preferably offers immobilization on the organic 
thinfilm that is specific to a designated site or location on the biological moiety 
(site-specific immobilization). For this to occur, attachment of the affinity tag to 
the biological moiety must be site-specific. Site-specific immobilization helps 
ensure that the active site or binding site of the immobilized biological moiety, 
such as the antigen-binding site of an antibody, remains accessible to ligands in 
solution. Another advantage of immobilization through affinity tags is that it 
allows for a common immobilization strategy to be used with multiple, different 
biological moieties. 

The affinity tag is optionally attached directly, either covalently or 
noncovalentiy, to the biological moiety. In an alternative embodiment, however, 
the affinity tag is either covalently or noncovalentiy attached to an adaptor which 
is either covalently or noncovalentiy attached to the biological moiety. 

In a preferred embodiment, the affinity tag comprises at least one amino 
acid. The affinity tag may be a polypeptide comprising at least two amino acids 
which is reactive with the functionalities of the organic thinfilm. Alternatively, 
the affinity tag may be a single amino acid which is reactive with the organic 
thinfilm. Examples of possible amino acids which could be reactive with an 
organic thinfilm include cysteine, lysine, histidine, argmine, tyrosine, aspartic 
acd, glutamic acid, tryptophan, serine, threonine, and glutamine. If the biological 
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mcty of a reactive site to be knmobilized is a protem, then the polypeptide or " 
ammo add affinity tag is preferably expressed as a fus.on protein with the 
biologacalmo.ety. Amino acid affinity tags provide either a smgle amino acid or a 
senes of ammo adds that can interact with the functionality of the organic 
tlunfilm, such as the Afunctional group of the self-assembled monolayer 
molecules, ^rt^^^^t^^^^ 
protems to facilitate oriented immobilization by covalent bmdmg to the Y- 
functional group of a monolayer or to a functional group on an alternative orgamc 
thinfilm. 

The affinity tag may optionally comprise a poly(amino acid) tag A 
polyfamino acid) tag is a polypeptide that comprises from about 2 to about 100 
restdues of a stngle amino acid, optionally tntenupted by residues of other amino 
actds. For instance, the affinity tag may comprise a poly-cystetne, nolvteine 
polyarginine, or po ly -histidine. Amino acid tags are preferably composed of two 
.o twenty residues of a smgle amino acid, such as, for exanple, brines, lysines 
arguunes, cysteines, glntamines, tyrosines, or any combination of these 
According to a preferred embodiment, an amino aoid tag of one to twenty amino 
aotds tncludes at least one to urn cysteines for thioether linkage; or one to ten 
lysrnes for amide linkage; or one to ten awnines for coupling to vicinal 
dtcarbonyl groups. One of ordimny skill in me an can readily pair suitable 
affinity tags with a given functionality on an orgamc thinfilm. 

The position of the amino acid tag can be at the ammo-tetmrnua or the 
carboxy-tenninua of the biological moiety of a reactive site which is a protein, or 
anywhere in-between, as long as the active site or burning site of the biological 
motety remams in a position accessible for bgand interaction. Where compatible 
wrm the protein ohosen, afihtity tags inttoduoed for ptotetn purification are 
preferentially located at the C-tenmnus of the recombinant proteu, to ensure that 
only full-length proteins are isolated dunng protein purification. Forinsfcnce if 
mtac, anttbodios are used on the reactive sties, men the attachment point of the 
afittttty tag on the antibody is pteferably located at a Cterminus of the effector 
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(Fc) region of the antibody. If scFvs are used on the reactive sites, then the ' 
attachment point of the affinity tag is also preferably located at the C-terminus of 
the molecules. 

Affinity tags may also contain one or more unnatural amino acids. 
Unnatural amino acids can be introduced using suppressor tRNAs that recognize 
stop codons (/.e., amber) (Noren etai, Science, 1989, 244:182-188; Ellman et ai, 
Methods Enzym., 1991, 202:301-336; Cloade/*/., Chem. Biol., 1996, 3:1033- 
1038). The tRNAs are chemically amino-acylated to contain chemically altered 
("unnatural") ammo acids for use with specific coupling chemistries (i.e., ketone 
modifications, photoreactive groups). 

In an alternative embodiment the affinity tag can comprise an intact 
protein, such as, but not limited to, glutathione S-transferase, an antibody, avidin, 
or streptavidin. 

Other protein conjugation and immobilization techniques known in the art 
may be adapted for the purpose of attaching affinity tags to the biological moiety. 
For instance, in an alternative embodiment of the device, the affinity tag may be 
an organic bioconjugate which is chemically coupled to the biological moiety of 
interest. Biotin or antigens may be chemically cross linked to the biological 
moiety. Alternatively, a chemical crosslinker may be used that attaches a simple 
functional moiety such as a thiol or an amine to the surface of a biological moiety 
to be immobilized on a reactive site of the device. Alternatively, protein synthesis 
or protein ligation techniques known to those skilled in the art may be used to 
attach an affinity tag to a biological moiety which is a protein. For instance, 
intem-mediated protein ligation may optionally be used to attach the affinity tag to 

the biological moiety (Mathys, etal, Gene 231:1-13, 1999; Evans, etai, Protein 

Science 7:2256-2264, 1998). 

In an alternative embodiment of the invention, the organic thinfilm of each 

of the reactive sites comprises, at least m part, a lipid monolayer or bilayer, and 

the affinity tag composes a membrane anchor. Optionally, the lipid monolayer or 

bilayer is .mmobilized on a self-assembled monolayer. 
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biological moieties such as proteins are known to be prone to surface inactivation.' 
The adaptor may optionally afford some additional advantages as well. For 
instance, the adaptor may help facilitate the attachment of the biological moiety to 
the affinity tag. In another embodiment, the adaptor may help facilitate the use of 
a particular detection technique with the device. One of ordinary skill in the art 
will be able to choose an adaptor which is appropriate for a given affinity tag. For 
instance, if the affinity tag is streptavidin, then the adaptor could be a biotin 
' molecule that is chemically conjugated to the protein which is to be immobilized. 
In a preferred embodiment, the adaptor is a protein. In a preferred 
embodiment, the affinity tag, adaptor, and biological moiety together compose a 
fusion protein. Such a fusion protein may be readily expressed using standard 
recombinant DNA technology. Adaptors which are proteins are especially useful 
to increase the solubility of the protein of interest and to increase the distance 
between the surface of the substrate or coating and the protein of interest. Use of 
an adaptor which is a protein can also be very useful in facilitating the preparative 
steps of protein purification by affinity binding prior to immobilization on the 
device. Examples of possible adaptors which are proteins include glutathione-S- 
transferase (GST), maltose-binding protein, chitin-binding protein, thioredoxin, * 
green-fluorescent protein (GFP). GFP can also be used for quantification of 
surface binding. If the biological moiety immobilized on the reactive sites of the 
device is an antibody or antibody fragment comprising an Fc region, then the 
adaptor may optionally be protein G, protein A, or recombinant protein A/G (a 
gene fusion product secreted from a non-pathogenic form of Bacillus which 
contains four Fc binding domains from protein A and two from protein G). 

Figure 8 shows a biological moiety 10 immobilized on a monolayer 7 via 
both an affinity tag 8 and an adaptor molecule 9. The monolayer 7 has been 
formed on a coating 5 on a substrate 3. An interlayer 6 is also used between the 
coating 5 and the substrate 3. 



(e) The immobilized biological moieties and preparation thereof. 
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In one embod,ment of the present invention, the biological moiety of 
one reactive site differs from the biological moiety of a second reactive site on the 
same device. In a preferred embodiment, the device comprises at least about 10 
different immobilized biological moieties. In an especially preferred embodiment 
the device comprises at least about 100 different immobilized biological moieties. 

In a preferred embodiment, the biological moieties immobilized on the sites 
of the invention device are proteins. Although proteins are the preferred 
biological moieties of the present mvention, the immobilized biological moiety 
may optionally instead comprise a polynucleotide, a peptide nucleic acid, a 
hormone, an antigen, an epitope, or any small organic molecule which either has 
or is suspected of having a physiological function. 

In another embodiment of the present invention, although the biological 
moiety of one reactive site is different from that of another, the two biological 
moieties are related. In a preferred embodiment the biological moieties are 
members of the same protein family. The different biological moieties may be 
functionally related or just suspected of being functionally related. In another 
embodiment, however, the function of the biological moieties may not be entirely 
known. In these cases, the different biological moieties may either share a 
similarity in structure or sequence or be suspected of sharing a similarity in 
structure or sequence. In one embodiment, the different immobilized biological 
moieties may simply be fragments of different members of the same protein 
family. In another embodiment, the biological moieties may be known isozymes. 

Examples of protein families mclude, but are not limited to, a receptor 
families (examples: growth factor receptors, catecholamine receptors, ammo acid 
derivative receptors, cytokine receptors, lectins), ligand families (examples- 
cytokines, serpins), enzyme famuies (examples: proteases, kinases, phosphatases 
ras-Iike GTPases, hydrolases), and transcription factors (examples: steroid 
hormone receptors, heat-shock transcription factors, zmc-fmger proteins, leucme- 
apper proteins, homeodomain proteins). In one embodiment, the different 
mobilized proteins are all HIV proteases or hepatitis C virus (HCV) proteases 
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In other embodiments of the invention, the immobilized proteins on the reactive ' 
sites of the invention device are all hormone receptors,' neurotransmitter receptors, 
extracellular matrix receptors, antibodies, DNA-binding proteins, intracellular 
signal transduction modulators and effectors, apoptosis-related factors, DNA 
synthesis factors, DNA repair factors, DNA recombination factors, or cell-surface 
antigens. 

In an alternative preferred embodiment, the biological moieties of the sites 
of the invention device are protein-capture agents. In another preferred 
embodiment, the biological moieties of the reactive sites or microchannels of the 
device are all antibodies or antibody fragments. 

In an alternative embodiment of the invention device, the biological 
moieties of the different reactive sites on the device are identical to one another. 

The biological moieties immobilized on the device may be produced by 
any of the variety of means known to those of ordinary skill in the art. 

In preparation for immobilization to the sites of the devices of the present 
invention, a biological moiety which is a protein can optionally be expressed from 
recombinant DNA either in vivo or in vitro. The cDNA of the protein to be 
immobilized on the device is cloned into an expression vector (many examples of 
which are commercially available) and introduced into cells of the appropriate 
organism for expression. A broad range of host cells and expression systems may 
be used to produce the proteins to be immobilized on the device. For in vivo 
expression of the proteins, cDNAs can be cloned into commercial expression 
vectors (Qiagen, Novagen, Clontech, for example) and introduced into an 
appropriate organism for expression. Expression in vivo may be done in bacteria 
(for example, Escherichia coli), plants (for example, Nicotiana tabacum), lower 
eukaryotes (for example, Saccharomyces cerevisiae, Saccharomyces pombe, 
Pichiapastoris), or higher eukaryotes (for example, bacculovirus-infected insect 
cells, insect cells, mammalian cells). For in vitro expression PCR-amplified DNA 
sequences are directly used in coupled in vitro transcription/translation systems 
(for instance: Escherichia coli S30 lysates from T7 RNA polymerase expressing 
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preferably protease-deficient strains; wheat germ lysates; reticulocyte lysates ' 
(Promega, Pharmacia, Panvera)). The choice of organism for optimal expression 
depends on the extent of post-translational modifications (i.e., glycosylate, lipid- 
modifications) desired. One of ordinary skill in the art will be able to readily 
choose which host cell type is most suitable for the protein to be immobilized and 
application desired. 

DNA sequences encoding ammo acid affinity tags and adaptor protein 
sequences are engineered into the expression vectors such that the genes of 
interest can be cloned in frame either 5' or 3' of the DNA sequence encodmg the 
affinity tag and adaptor. 

The expressed proteins are purified by affinity chromatography using 
commercially available resins. 

Preferably, production of families of related proteins involves parallel 
processing from cloning to protein expression and protein purification. cDNAs for 
the protein of interest will be amplified by PCR using cDNA libraries or EST 
(expressed sequence tag) clones as.templates. Any of the in vitro or in vivo 
expression systems described above can then be used for expression of the 
proteins to be immobilized on the device. 

Escherichia Abased protem expression is generally the method of choice 
for soluble proteins that do not require extensive post-translational modifications 
for activity. Extracellular or intracellular domains of membrane proteins will be 
fused to protein adaptors for expression and purification. 

The entire approach can be performed using 96-well assay plates. PCR 
reactions are carried out under standard conditions. Oligonucleotide primers 
contain unique restriction sites for facile cloning into the express.on vectors. 
Alternatively, the TA cloning system (Clontech) can be used. Expression vectors 
contain the sequences for affinity tags and the protem adaptors. PCR products are 
hgated into the expression vectors (under inducible promoters) and introduced 
into the appropriate competent Escherichia coli strain by calcium-dependent 
transformation (strains include. XL-1 blue. BL21. SGl3009(lon-)). Transformed 
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Escherichia coli cells are plated and individual colonies transferred into 96-array " 
blocks. Cultures are grown to mid-log phase, induced for expression, and cells 
collected by centrifugation. Cells are resuspended containing lysozyme and the 
membranes broken by rapid freeze/thaw cycles, or by sonication. Cell debris is 
removed by centrifugation and the supernatants transferred to 96-tube arrays. The 
appropriate affinity matrix is added, protein of interest bound and nonspecifically 
bound proteins removed by repeated washing steps using 12 - 96 pin suction 
devices and centrifugation. Alternatively, magnetic affinity beads and filtration 
devices can be used (Qiagen). The proteins are eluted and transferred to a new 
96-well array. Protein concentrations are determined and an aliquot of each 
protein is spotted onto a nitrocellulose filter and verified by Western analysis 
using an antibody directed against the affinity tag. The purity of each sample is 
assessed by SDS-PAGE and silver staining or mass spectrometry. Proteins are 
snap-frozen and stored at -80°C. 

Saccharomyces cerevisiae allows for core glycosylation and lipid 
modifications of proteins. The approach described above for Escherichia coli can 
be used with slight modifications for transformation and cell lysis. Transformation 
of Saccharomyces cerevisiae is by lithium-acetate and cell lysis is either by 
lyticase digestion of the cell walls followed by freeze-thaw, sonication or glass- 
bead extraction. Variations of post-translational modifications can be obtained by 
different yeast strains (i.e. Saccharomyces pombe, Pichia pastoris). 

The advantage of the bacculovirus system or mammalian cells are the 
wealth of post-translational modifications that can be obtained. The bacculo- 
system requires cloning of viruses, obtaining high titer stocks and infection of 
liquid insect cell suspensions (cells are SF9, SF21). Mammalian cell-based 
expression requires transfection and cloning of cell lines. Soluble proteins are 
collected from the medium while intracellular or membrane bound proteins 
require cell lysis (either detergent solubilization, freeze-thaw). Proteins can then 
be purified analogous to the procedure described for Escherichia coli. 
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For m vitro M me systen „ f ^ js ^ ^ . 

obtamed from proteuse-defirien, and T7 RNA polymerase „ wexpressing stralns 

a**te «,„• lysates provide efficient proteta express . on (3Mo ^ 
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described above. 
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The antibody genes of the phage display libraries may be from pre- 
immunized donors. For instance, the phage display library could be a display 
library prepared from the spleens of mice previously immunized with a mixture of 
proteins (such as a lysate of human T-cells). Immunization can optionally be used 
to bias the library to contain a greater number of recombinant antibodies reactive 
towards a specific set of proteins (such as proteins found in human T-cells). 
Alternatively, the library antibodies may be derived from naive or synthetic 
libraries. The naive libraries have been constructed from spleens of mice which 
have not been contacted by external antigen. In a synthetic library, portions of the 
antibody sequence, typically those regions corresponding to the complementarity 
determining regions (CDR) loops, have been mutagenized or randomized. 

The phage display method involves batch-cloning the antibody gene library 
into a phage genome as a fusion to the gene encoding one of the phage coat 
proteins (pill, pVI, or pVIII). The pin phage protein gene is preferred. When the 
fusion product is expressed it is incorporated into the mature phage coat. As a 
result, the antibody is displayed as a fusion on the surface of the phage and is 
available for binding and hence, selection, on a target protein. Once a phage 
particle is selected as bearing an antibody-coat protein fusion with the desired 
affinity towards the target protein, the genetic material within the phage particle 
which corresponds to the displayed antibody can be amplified and sequenced or 
otherwise analyzed. 

In a preferred embodiment, a phagemid is used as the expression vector in 
the phage display procedures. A phagemid is a small plasmid vector that carries 
gene III with appropriate cloning sites and a phage packaging signal and contains 
both host and phage origins of replication. The phagemid is unable to produce a 
complete phage as the gene III fusion is the only phage gene encoded on the 
phagemid. A viable phage can be produced by infecting cells containing the 
phagemid with a helper phage containing a defective replication origin. A hybrid 
phage emerges which contains all of the helper phage proteins as well as the gene 
III-rAb fusion. The emergent phage contains the phagemid DNA only. 
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In a preferred embodiment of the invention, the recombinant antibodies ' 
used in phage display methods of preparing antibody fragments for the devices of 
the invention are expressed as genetic fusions to the bacteriophage gene III protein 
on a phagemid vector. For instance, the antibody variable regions encoding a 
single-chain Fv fragment can be fused to the amino terminus of the gene III 
protein on a phagemid. Alternatively, the antibody fragment sequence could be 
fused to the amino terminus of a truncated pill sequence lacking the first two N- 
terminal domains. The phagemid DNA encoding the antibody-pill fusion is 
preferably packaged into phage particles using a helper phage such as M13K07 or 
VCS-M13, which supplies all structural phage proteins. 

To display Fab fragments on phage, either the light or heavy (Fd) chain is 
fused via its C-terminus to pill. The partner chain is expressed without any fusion 
to pill so that both chains can associate to form an intact Fab fragment. 

Any method of selection may be used which separates those phage particles 
which do bind the target protein from those which do not. The selection method 
must also allow for the recovery of the selected phages. Most typically, the phage 
particles are selected on an immobilized target protein. Some phage selection 
strategies known to those skilled in the art include the following: panning on an 
immobilized antigen; panning on an immobilized antigen using specific elution; 
using biotinylated antigen and then selecting on a streptavidin resin or 
streptavidin-coated magnetic beads; affinity purification; selection on Western 
blots (especially useful for unknown antigens or antigens difficult to purify); 
in vivo selection; and pathfinder selection. If the selected phage particles are 
amplified between selection rounds, multiple iterative rounds of selection may 
optionally be performed. 

Elution techniques will vary depending upon the selection process chosen, 
but typical elution techniques include washing with one of the following 
solutions: HC1 or glycine buffers; basic solutions such as triemylamine; 
chaotropic agents; solutions of increased ionic strength; or DTT when biotin is 
linked to the antigen by a disulfide bridge. Other typical methods of elution 
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include enzymatically cleaving a protease site engineered between the antibody * 
and gene III, or by competing for binding with excess antigen or excess antibodies 
to the antigen. 

In the preparation of the devices of the invention, phage display methods 
analogous to those used for antibody fragments may be used for other proteins 
which are to be immobilized on a device of the invention as long as the protein is 
of suitable size to be incorporated into the phagemid or alternative vector and 
expressed as a fusion with a bacteriophage coat protein. Phage display techniques 
using non-antibody libraries typically make use of some type of protein host 
scaffold structure which supports the variable regions. For instance, 0-sheet 
proteins, a-helical handle proteins, and other highly constrained protein structures 
have been used as host scaffolds. 

Alternative display vectors may also be used to produce proteins which are 
immobilized on the sites of the device. Polysomes, stable protein-ribosome- 
mRNA complexes, can be used to replace live bacteriophage as the display 
vehicle for recombinant antibody fragments or other proteins (Hanes and 
Pluckthun, Proc. Natl. Acad Sci USA, 94:4937-4942, 1997). The polysomes are 
formed by preventing release of newly synthesized and correctly folded protein 
from the ribosome. Selection of the polysome library is based on binding of the 
antibody fragments or other proteins which are displayed on the polysomes to the 
target protein. mRNA which encodes the displayed protein or antibody having the 
desired affinity for the target is then isolated. Larger libraries may be used with 
polysome display than with phage display. 

(e) Uses of the devices. 

Methods for using the devices of the present invention are provided by 
other aspects of the invention. The devices of the present invention are 
particularly well-suited for use in drug development, such as in high-throughput 
drug screening. Other uses include medical diagnostics and biosensors. The 
devices of the invention are also useful for functional proteinics. In each case, a 
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plurality of biological moieties or drug candidates or analytes can be screened for' 
potential biological interactions in parallel. 

In one aspect of the invention, a method for screening a plurality of 
different biological moieties in parallel for their ability to interact with a 
component of a fluid sample is provided. This method comprises delivering the 
fluid sample to the reactive sites of one of the invention devices where each of the 
different biological moieties is immobilized on a different site of the device, and 
then detecting for the interaction of the component with the immobilized 
biological moiety at each reactive site. In a preferred embodiment, each of the 
reactive sites is in a microchannel oriented parallel to microchannels of other 
reactive sites on the device, wherein the microchannels are microfabricated into or 
onto the substrate. 

The invention device is suitable for assaying a catalytic reaction of an 
enzyme, a binding event, or even a translocation by a membrane protein through a 
lipid bilayer. Possible interactions towards which the present invention may be 
directed include, but are not limited to, antibody/antigen, antibody/hapten, 
enzyme/substrate, carrier protein/substrate, lectin/carbohydrate, receptor/hormone, 
receptor/effector, protein/DNA, protein/RNA, complementary strands of nucleic 
acid, repressor/inducer, or the like. The assayed interaction may be between a 
potential drug candidate and a plurality of potential drug targets. For instance, a 
synthesized organic compound may be tested for its ability to act as an inhibitor to 
a family of immobilized receptors. The devices are also highly suitable for 
assaying for protein-protein interactions in general. 

One embodiment of the present invention provides for a method of 
screening a plurality of biological moieties in parallel for their ability to react with 
a component of a fluid sample, comprising delivering the fluid sample to the 
reactive sites of a device of the present invention, wherein each of the different 
biological moieties is immobilized on a different reactive site of the device and 
detecting, either directly or indirectly, for formation of product of the reaction of 
the component with the immobilized biological moiety at each reactive site. 
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Another embodiment of the invention provides a method for screening a " 
plurality of biological moieties in parallel for their ability to bind a component of 
a fluid sample. This method comprises the following steps: delivering the fluid 
sample to the reactive sites of the invention device, wherein each of the different 
biological moieties is immobilized on a different site of the device; optionally, 
washing the reactive site remove unbound or nonspecifically bound components 
of the sample from the reactive sites; and detecting, either directly or indirectly, 
for the presence or amount of the component retained at each reactive site. 

An alternative method for screening a plurality of biological moieties for 
their ability to bind a component of a fluid sample comprises first adding a known 
ligand of the biological moieties to the fluid sample and then delivering the fluid 
sample to the reactive sites of the invention device, where each of the different 
biological moieties is immobilized on a different site of the device. As an 
optional next step, the reactive sites may be washed with fluid that does not 
contain either the known ligand or the component in order to elute unbound or 
nonspecifically bound molecules of the known ligand and the component (or other 
components from the sample) from the reactive sites of the device. A final step of 
the method comprises detecting the presence or amount of the known ligand 
retained at each reactive site, and comparing retention of the known ligand at each 
reactive site with retention of the known ligand at the same or an identical reactive 
site in the absence of the component. 

A wide range of detection methods is applicable to the methods of the 
invention. As desired, detection may be either quantitative or qualitative. The 
invention device can be interfaced with optical detection methods such as 
absorption in the visible or infrared range, chemoluminescence, and fluorescence 
(including lifetime, polarization, fluorescence correlation spectroscopy (FCS), and 
fluorescence-resonance energy transfer (FRET)). Furthermore, other modes of 
detection such as those based on optical waveguides (PCT Publication WO 
96/26432 and U.S. Patent No. 5,677,196), surface plasmon resonance, surface 
charge sensors, and surface force sensors are compatible with many embodiments 
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of the invention. Alternatively, technologies such as those based on Brewster * 
angle microscopy (Schaaf et at., Langmuir, 3: 1 131-1 135 (1987)) and ellipsometry 
(U.S. Patent Nos. 5,141,311 and 5,116,121; Kim, Macromolecules, 22:2682-2685 
(1984)) can be used in conjunction with the devices of the invention. Quartz 
crystal microbalances and desorption processes (see for example, U.S. Patent No. 
5,719,060) provide still other alternative detection means suitable for at least some 
embodiments of the invention device. An example of an optical biosensor system 
compatible both with some devices of the present invention and a variety of non- 
label detection principles including surface plasmon resonance, total internal 
reflection fluorescence (TIRF), Brewster Angle microscopy, optical waveguide 
lightmode spectroscopy (OWLS), surface charge measurements, and ellipsometry 
can be found in U.S. Patent No. 5,3 13,264. 

Figure 9 shows a schematic diagram of one type of fluorescence detection 
unit which may be used to monitor the interaction of immobilized biological 
moieties of a microchannel array with an analyte. In the illustrated detection unit, 
the microchannel array device 21 is positioned on a base plate 20. Light from a 
100W mercury arc lamp 25 is directed through an excitation filter 24 and onto a 
beam splitter 23. The light is then directed through a lens 22, such as a Micro 
Nikkor 55 mm 1:2:8 lens, and onto the microchannels of the device 21. 
Fluorescence emission from the device returns through the lens 22 and the beam 
splitter 23. After also passing through an emission filter 26, the emission is 
received by a cooled CCD camera 27, such as the Slowscan TE/CCD- 1024SF&SB 
(Princeton Instruments). The camera is operably connected to a CPU 28, which 
is, in turn, operably connected to a VCR 29 and monitor 30. 

To test the specificity of a drag candidate, its interaction with multiple 
members of a protein family is determined. Members of the protein family are 
separately immobilized in microchannels. The drug candidate's ability to interfere 
with protein activity, such as binding, catalytic conversion, or translocation of a 
ligand through a lipid bilayer, is then determined. 
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In another example, to test a drug candidate's ability to interfere with a ' 
protein binding event, the drug candidate and a known ligand of a member of the 
protein family that is labeled by a chemically-conjugated fluorescent moiety are 
delivered in a fluid sample into each microchannel of the device. After a short 
incubation period, the microchannels are flushed with fluid which lacks both the 
drug candidate and the ligand. The amount of fluorescent ligand remaining in 
each of the microchannels (and presumably bound to the protein molecules of that 
microchannel) can then be detected by using a fluorescence detector / quantifier 
with optical access to the reactive site, either through a transparent or translucent 
cover or substrate. 

To test a drug candidate's ability to interfere with a catalytic conversion of 
a ligand, drug candidate and ligand are delivered into the microchannel in a fluid 
sample and changes in the chromogenic or fluorescent properties can be detected 
by using an optical detector / quantifier with optical access to the reactive site, 
either through a transparent or translucent cover or substrate. 

In a more general sense, the present invention provides for a method of 
screening the ability of a drug candidate to inhibit the reaction of a plurality of 
members of a protein family with their substrate, comprising the following steps: 
combining the drug candidate and the substrate in a fluid sample; delivering the 
fluid sample to the reactive sites of a device of the present invention, wherein each 
different member of the protein family in immobilized to a different reactive site; 
and detecting, either directly or indirectly, for the inhibition of product formation 
at each reactive site. 

To test a drug candidate's ability to interfere with the translocation of a 
ligand through a lipid bilayer, drug candidate and ligand are delivered in a fluid 
sample to each microchannel. After a short incubation period the microchannels 
may be flushed with fluid lacking ligand and any inhibition of passage of the 
ligand through the lipid bilayer is determined by measuring changes in 
fluorescence, absorption, or electrical charge. 
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In an alternative embodiment of the invention, the device of the invention " 
is used to screen a plurality of components, each in separate fluid samples, for 
their ability to interact with a biological moiety. The method of this embodiment 
comprises first delivering each of the different fluid samples to separate reactive 
sites of the invention device, wherein the separate reactive sites of the device each 
comprise the immobilized biological moiety. The next step comprises detecting, 
either directly or indirectly, for the interaction of the immobilized biological 
moiety at each reactive site with the component delivered to that reactive site. 
Preferably, each of the reactive sites is in a microchannel oriented parallel to 
microchannels of other reactive sites on the device, wherein the microchannels are 
microfabricated into or onto the substrate. As before, the interaction being 
assayed by this method may be any type of interaction normally observed for 
biological moieties including a catalytic reaction of an enzyme, a binding event, or 
a translocation by a membrane protein through a lipid bilayer. 

One embodiment of the invention provides a method for screening a 
plurality of different proteins in parallel for their ability to interact with a 
particular protein, comprising the following steps: delivering different fluid 
samples, each containing at least one of the different proteins, to separate reactive 
sites of the device of the invention, wherein the particular protein is immobilized 
on each of the separate reactive sites; and detecting, either directly or indirectly, 
for the interaction of the particular protein with the different proteins at each of 
the reactive sites. 

An alternative embodiment of the invention provides for a method for 
screening a plurality of drug candidates in parallel for their ability to inhibit a 
reaction of an enzyme with its substrate. This method first involves adding the 
enzyme's substrate to a plurality of fluid samples, each of which contains at least 
one of the drug candidates of interest. Next, each of the fluid samples is delivered 
to a reactive site of the invention device, preferably a microchannel array. In this 
embodiment, each reactive site of the device features the immobilized enzyme. 
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Finally, inhibition of product formation at each reactive site (due to the presence " 
of the drug candidate in the solution) is monitored. 

Another aspect of the invention provides a method for screening a plurality 
of binding candidates in parallel for their ability to bind a biological moiety. This 
method comprises first delivering different fluid samples, each containing at least 
one of the binding candidates, to the reactive sites of the invention device, 
wherein the separate reactive sites each comprise the immobilized biological 
moiety. An optional next step comprises washing the reactive sites with fluid 
which does not contain the binding candidate in order to elute unbound or 
nonspecifically bound binding candidates, and detecting, either directly or 
indirectly, for the presence or amount of said binding candidate retained at each 
reactive site. 

An alternative method for screening a plurality of binding candidates in 
parallel for their ability to bind a biological moiety is also provided by the present 
invention comprises the following: adding a known ligand of the biological moiety 
to a plurality of fluid samples, each of the fluid samples containing at least one of 
the binding candidates; delivering a different fluid sample to each of the reactive 
sites of the invention device, wherein the separate reactive sites of the device each 
comprise the immobilized biological moiety; optionally, washing said reactive 
sites with fluid that contains neither the known ligand nor a binding candidate in 
order to elute unbound molecules from each from the reactive sites; detecting the 
presence of the known ligand retained at each reactive site; and comparing the 
retention of the known ligand in the presence of the binding candidate with 
retention of the known ligand in the absence of the binding candidate. 

The present invention also provides for a method of pairing a plurality of 
different proteins with their substrates. In this method, a fluid sample comprising 
a substrate of a known enzyme family is first delivered to the reactive sites of the 
invention device where each reactive site of the device comprises a different 
protein immobilized on the site. Next, any suitable detection means may be used 
to detect either directly or indirectly, for the presence of product formed by the 
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indicative of a disease condition in an organism. In one example, the origin of the 
analytes may be a pathogen which has infected the organism. Alternatively, the 
analytes may be expression products of a cell or population of cells in the 
organism. Such a method can be useful in the evaluation of a tumor or other 
disease state in a tissue of the organism. 

(c) Examples 

The following specific examples are intended to illustrate the invention and 
should not be construed as limiting the scope of the claims: 

Example 1 Fabrication of a microchannel array by bulk nucromacliining. 

In a preferred embodiment microchannel arrays are fabricated via standard 
microstereolithography into the device material (bulk micromacliining). 
Alternative techniques include surface-niicromachining and LIGA (injection 
molding). Usually, a computer-aided design pattern (reflecting the final channel 
geometries) is transferred to a photomask using standard techniques, which is then 
used to transfer the pattern onto a silicon wafer coated with photoresist. 

In a typical example, the device ("chip"), with lateral dimensions of 50 x 
15 mm, contains a series of 100 parallel channels separated with a spacing of 250 
Jim. Each channel is 5 mm long and has a cross-section of 100 x 100 um. The 
channel volume is 50 nl. 4" diameter Si(100) wafers (Virginia Semiconductor). 
Si(100) wafers are first cleaned in a 3:1 mixture of H 2 S0 4 , cone: 30% H 2 0 2 
(90°C, 10 min), rinsed with deionized water (18 Mficm), finally passivated in 1% 
aqueous HF, and singed at 150°C for 30 mm. After the wafer has been spincoated 
with polymethyl methacrylate PMMA as positive photoresist and prebaked for 25 
minutes at 90 °C, it is exposed using a Karl Suss contact printer and developed 
according to standard protocols. The wafer is then dried and postbaked at 1 10 °C 
for 25 min. Deep silicon reactive ion etching (RIE) is used to anisotropically dry- 
etch the channel features into the bulk material resulting in high aspect ratio, 
vertical sidewall features in the silicon (etch rate 2.5 um/min). In the next step, 
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the wafer is primed with a 20 nm thick titanium layer, followed by a 200 nm thicR 
gold layer both layers deposited using electron-beam evaporation (5 A/s). After 
resist stripping (acetone) and a short plasma treatment, the device is covered and 
sealed with a 50 nm thin glass cover (pyrex 7740) using low-temperature field 
assisted glass-silicon bonding resulting in a multichannel array with inlet and 
outlet ports. The gold-coated channel walls can then be further chemically 
modified to achieve the desired bioreactive and biocompatible properties (see 
Example 3, below). 

Additional details of these procedures can be found in the following 
references: Madou, Fundamentals ofMicrofabrication, CRC Press (1997); Wolf 
and Tauber, Silicon Processing for the VLSI Era, Vol 1: Process Technology, 
Lattice Press, (1986); and Thomson et al, Introduction to Microlithography, 
American Chemical Society, ( 1 994). 

Example 2. Fabrication of a microchannel array by sacrificial micromachining. 

In sacrificial micromachining, the bulk material is left essentially 
untouched. Various thick layers of other materials are built up by either physical 
vapor deposition (PVD), plasma-enhanced chemical vapor deposition (PECVD) or 
spin coating and selectively remain behind or are removed by subsequent 
processing steps. Thus, the resulting channel walls are chemically different from 
the bottom of the channels and the resist material remains as part of the 
microdevice. Typical resist materials for sacrificial micromachining are silicon 
nitride (Si 3 N 4 ), polysilicon, thermally grown silicon oxide and organic resists such 
as epoxy-based SU-8 and polyimides allowing the formation of high aspect-ratio 
features with straight sidewalk 

In a typical example, the device ("chip"), with lateral dimensions of 50 x 
15 mm, contains a series of 100 parallel channels separated with a spacing of 250 
Urn. Each channel is 5 mm long and has a cross-section of 100 x 100 jim. The 
channel volume is 50 nl. 4" diameter Si(100) wafers (Virginia Semiconductor). 
Si(100) wafers are first cleaned in a 3:1 mixture of H : S0 4 . cone: 30% H 2 0 : 
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(90°C, 10 min), rinsed with deionized water (18 MHcm), finally passivated in 1% 
aqueous HF, and singed at 150°C for 30 min. Spincoating of the wafer with 
EPON SU-8 results in a 100 urn thick film that is exposed similar to Example 1, 
above, and developed in a propyleneglycol-monomethyletheracetate (PGMEA) 
solution resulting in a multi-channel structure with high-aspect ratio vertical 
sidewalls. Deposition of metal films (20 nm Ti, 200 nm Au) is carried out as 
described in Example 1, above. The device is covered with a 50 urn thin adhesive 
glass cover. The gold-coated channel walls can then be further chemically 
modified to achieve the desired bioreactive and biocompatible properties (see 
Example 3, below). 

Additional details on sacrificial inicromachining processes can be found in 
Lorenz, et al., Proceedings ofMME'96 (Micro Mechanics Europe), Barcelona, 
Spain, October 1996, p. 32-35. 

Example 3. Synthesis of an aminoreactive monolayer molecule (following 
the procedure outlined in Wagner et al., Biophys. J., 1996, 70:2052-2066). 

General. i H - and "C-NMR spectra are recorded on Bruker instruments 
(100 to 400 MHz). Chemical shifts (5) are reported in ppm relative to internal 
standard ((CH 3 ) 4 Si, 5 = 0.00 (i H - and 13 C-NMR)). FAB-mass spectra are 
recorded on a VG-SABSEQ instrument (Cs+ 20 keV). Transmission infrared 
spectra are obtained as dispersions in KBr on an FTIR Perkin-Elmer 1600 Series 
instrument. Thin-layer chromatography (TLC) is performed on precoated silica 
gel 60 F254 plates (MERCK, Darmstadt, FRG), and detection was done using 
CVtoluidine, PdCl 2 and UV-detection under NH 3 -va P or. Medium pressure liquid 
chromatography (MPLC) is performed on a Labomatic MD-80 (LABOMATIC 
INSTR. AG, Allschwil, Switzerland) using a Buechi column (460x36 mm; 
BUECHI, Flawil, Switzerland), filled with silica gel 60 (particle size 15-40 urn) 
from Merck. 
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Syn^ofUjr.mhiobisfaccMmityundecamto) (DSU) Sodium ' 
thtosulfate (55.3 g, 350 mmol) is added to a suspend of , 1Wmdttanoic 
(92.8 g, 350 mmol) in 50 % aqueous 1,4-dio^e 0 000 ^mixture* 
heated a, reflux (90 °C) for 2 h until to reactioll t0 ^ ^ ^ 

was complete (clear solution). Tie oxidation fo tire corresponding « is 
earned ou. i„ * by addtitg iodine in portions until mo solution rettined wifh a 
yellow .„ brown color. The surplus of iodine is retitrated with 15 % sodium 
pyrosnlfite in water. After removal of ,,4-dioxane by rotary evaporation the 
creamy suspension , s filtered ,„ yield product I ,., ,^H Ms( u^ cmoic acid) 
RertrystaUization from ethyl acefate/THF provides a white solid (73 4 g 96 5 %)■ 

n.p94»C;.HNMR(400MHz,CDCI J /CD 3 OD9 5 : 5): 6 2 69(r 2H 3 = 7.3 
H4 2.29 (,, 2H, 3 = 7.5 Hz), 1.76-1.57 („, 4H), and 1.40-1.29 (m, 12H)- FAB- 
MS (Of, 20 keV): m/z (relative intensity) 434 (100, M + ). Anal. Calcd <br 
CMHC0 * : C 6079; »' 74 - ><•»• C 60.95; H, 9.82; S, ,4 74 To 

a solution of;;, n^obis^^c acid) (,o g, 2.3 mmol) in THF (50 ml) 
» added N-hydroxysuccinimide (0.575 g, 5 mmol) followed by DCC (1 03 g 5 
mmol) a. 0 °C. After the reaction mixtine is allowed ,o warm ,o 23 X and is' 
stirred for 36 h at room temperance, the dicyclohexylurea (DCU) is filtered 
Removal of the solvent under reduced pressure and recrystalhaation from 
acetone/hexane provides U .IV^m^cmmaylu^anoa^ asawhite 
soUd. Fmal purification is achieved by medium pressure liouid chromatography 
( bar) usmg silica ge, and a 2., mixtine of etity, acetate and hexane. The orgamc 
phase rsooncentrated and dried in vacuum to afford ;;,;;'. 

MHz, CDC,,): 8 2,3 ( s , 4H), 2,8 ft 2H, J . 7, Hz), 2.60 ft 2H, 3 - 7 5 Hz), 
'•'8-1.63 (tn, 4H), and 1.43-1.29 (tn, 12H); FAB-MS (Cs* 20 keV): Wz (relative 
« 5,4 (100), 628 (86, M*). Anal. Calod. 1,^ c , 57 , 0 . „ 
? 69; N ' 4 45; S ' 10 ■» *«"* C 57.32; H, 7.60; N, 4.39- S .0 25 
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Example 4. Formation of an aminoreactive monolayer on gold (following the " 
procedure of Wagner etal., Biophys. J., 1996, 70:2052-2066). 

Monolayers based on ll,ll'-dithiobis(succinimidylundecanoate) (DSU) an 
deposited on Au(l 1 1) surfaces of microdevices described under Examples 1 and 2 
by immersing them into a 1 mM solution of DSU in chloroform at room 
temperature for 1 hour. After rinsing with 10 volumes of solvent, theN- 
hydroxysuccmimide-teraiinated monolayer are dried under a stream of nitrogen 
and immediately used for protein immobilization. 

Example 5. Expression and purification of HIV protease variants. 

The HIV protease (Genebank HIVHXB2CG) is an essential component of 
the HIV life cycle, and a major target in anti-viral therapy. HIV protease is 
required for the proteolytic processing of the gag and gag-pol gene products into 
functional proteins. Inhibition of HIV protease prevents the production of 
infectious viral progeny, and hence further rounds of infection. HIV protease 
belongs to the family of aspartic proteases and is a symmetric homodimer with an 
active site formed at the interface of the two 99 amino acids long subunits. The 
core residues in the active site consist of a conserved tripeptide motif (Asp-Thr- 
Gly) (Roberts et al. ( Science, 1990, 248:358). Resistant variants of HIV protease 
have emerged against all inhibitors currently used. Most prevalent mutations 
causing resistance individually or in combination are: L10R, D30N, M46I, L63P, 
A71 V, V82F (Kaplan et al., Proc. Natl. Acad. Sci. ,1994, 91:5597; Ho et al., J. 
Virol. 1994, 68: 2016; Condra et al., Nature, 1995, 374:569; Schock et al., J. Biol. 
Chem., 1996, 271:3 1957; Korant and Rizzo, Adv. Exp. Med. Biol, 1997, 
421:279). Additional mutations that preserve protease activity are systematically 
generated (Loeb et al., Nature, 1989, 340:397). 

Mutant proteases are generated by PCR mutagenesis (Weiner et al., Gene, 
1994, 151: 1 19) and expressed in Escherichia coli using two approaches: (i) 
mutant and wild-type protease cDNAs are cloned into a Escherichia coli 
expression vector containing a N-terminal histidine tag (H 6 ; Hochuli et al. 
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Biotechnology 1988, 6: 1321) followed by a factor Xa cleavage site, while the stop 
codon of HTV protease is replaced by a sequence encoding a lysine tag (K*) 
followed by a stop codon. The resulting fusion protein is purified from inclusion 
bodies as described in Wondrak and Louis, Biochemistry, 1996, 35:12957, and the 
histidine tag removed by factor Xa as described in Wu et al., Biochemistry, 1998, 
37:4518; or (ii) mutant and wild-type protease cDNAs are cloned into an 
Escherichia coli expression vector creating a fusion between HTV protease, a tri- 
glycine linker, glutathione S-transferase (GST) and a lysine-tag (HIV-GST-K*). 
The autoprocessing site F*P at the carboxy terminus of the HIV protease is 
changed to F*I to prevent self-cleavage of the fusion proteins (Louis et al., Eur J. 
Biochem., 1991,199:361). The resulting proteins HIV-GST-K* are purified from 
Escherichia coli lysates by standard chromatography on glutathione agarose beads 
and stored in an amine-free buffer at -80°C (25 mM HEPES, pH 7.5, 150 mM 
NaCl). 

Example 6. Immobilization of fusion proteins on an aminoreactive monolayer. 

HIV protease variants, in the form of HIV-GST-K*, and GST-K* are 
immobilized to the aminoreactive monolayer surface of the microchannel device 
(see Example 4, above). HIV-GST-K* and GST-K* are diluted to concentrations 
of 1 ^ml in 25 mM HEPES buffer (pH 7.5) containing 150 mM NaCl. First, 
50\A of protein-free buffer is transferred through the channels to hydrate the 
monolayer surface. After 5 min of incubation, 10 \i\ of the corresponding protein 
solutions are flushed through the channels to guarantee total replacement with 
protein-containing solution. Immobilization is finished after 30 min at room 
temperature. The channels are rinsed with 50 \il immobilization buffer and 
subjected to analysis. Each microchannel displays a different HIV-GST-fy, 
variant or control (GST-K*). Ultrapure water with a resistance of 18 MQcm is 
generally used for all aqueous buffers (purified by passage through a Barnstead 
Nanopure® system). 
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Example 7. ^Assay of protease activity in microchannels. 

HIV protease requires at least a heptapeptide substrate (Moore et al.. 
Biochem. Biophys. Res. Commun., 1989, 159:420). To analyze the activity of the 
different HIV variants, a continuous assay based on intra-molecular fluorescence 
resonance energy transfer (FRET) is used. A peptide substrate corresponding to 
the p 1 7-p24 cleavage site of the viral gag protein (Skalka, Cell, 1989, 56:91 1) is 
modified by the addition of an energy-transfer pair (Geoghegan et al., FEBS Leu , 
1990, 262: 1 19): In Dns-Ser-Gln-Asn-Tyr-Pro-Ile-Val-Trp (Dns-SSQNYPIVW), 
the Dns (dansyl) and Trp groups are the N- and C-terminal extensions, 
respectively (Geoghegan et al.). Excitation of Trp is at 290 nm, and emission of 
Dns is at 575 nm. Cleavage of the peptide at the Tyr-Pro bond reduces the Dns 
emission and increases Trp emission at 360 nm. The modified heptapeptide Dns- 
SSQNYPIVW is prepared as described (Geoghegan et al.) and analyzed by amino 
acid analysis, nuclear magnetic resonance and mass spectrometry. The purity is 
checked by HPLC analysis using a Vydac C-4 column and an acetonitrile gradient 
in 0. 1% TFA. In order to test the activity of all the HIV variants described above, 
each microchannel with an immobilized HIV variant (see Example 6) is filled with 
20 mM of Dns-SSQNYPIVW in 50 mM sodium acetate, pH 5.5, 13 % glycerol, 10 
mM DTT. Addition of the substrate to the immobilized proteins leads to time- 
dependent intensity changes in the fluorescence emission spectrum. The 360 nm 
Trp emission peak progressively will increase to about 2.5 times its initial 
intensity, while the Dns group's emission band (575 nm) will decline in intensity. 
This mtensity change will be observed in all the channels containing active forms 
of the HIV variants. To control for changes in background fluorescence, GST-K* 
fusion protein is measured in parallel. 

Competition assays can be carried out to test the specificity of the 
proteolysis by the HIV variants. In one assay, both Dns-SSQNYPIVW and a 
small organic molecule that is to be tested for its potential as a drug, is delivered 
m a 50 mM sodium acetate, pH 5.5, 13 % glycerol, 10 mM DTT solution to each 
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channel. An organic molecule wh,ch acts as an inhibitor for a wide rangeofHIV 
protease vanants will diminish the Trp emission peak mcrease and the Dns 
emission band decrease associated with reaction of the protease with the peptide 
substrate in a number of the microchannels. A less desirable drug candidate on 
the other hand, will inhibit the reaction of the HIV protease with the peptide 
substrate only in selected microchannels (or none at all). 

Protease inhibitors Sequinavir (Roche), Ritonavir (Abbot) or Indinavir 
(Merck) can also be added to the reaction buffer and used as positive consols for 
the specificity of inhibition. Sequinavir will inhibit all the HIV vanants except 
those containing either the G48V or the L90M mutation. Ritonavir m contrast is 
unable to block the activity of the M46I, L63P, A71 V, V82F and the I84V 
variants. Indinavir has .. similar inhibition pattern like Ritonavir except that the 
A71 V variant is not affected. In addition Indinavir is not able to decrease the 
activity of the L10R HIV protease variant. 

These experiments demonstrate how an HIV-vanant microchannel dev,ce 

of the HIV protease. 

AH documents cited in the above specification are herein incorporated by 
reference. Various modifications and variations of the present invention will be 
apparent ,„ those skifled „ fte m ^ departng &m fc ^ ^ ^ 

me mventiou. Although the invention has been described in connection with 
spectfic prefetred embodiments, i, should be understood that the invention as 
clauned should no. be unduly lunited ,„ such specific embodunents. Indeed 
vanous modifications of the described modes for canynrg out the invention which 
« obvious to more skilled in the art are intended to be within the scope of the 
following claims. 
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1 A device for analyzing components of a fluid sample, having a plurality of 
noncontiguous reactive sites, each of said sites comprising: 

(a) a substrate; 

(b) an organic thinfilm chemisorbed or physisorbed on a portion of the 
surface of said substrate; and 

(c) a biological moiety immobilized on said organic thinfilm; 

wherein each of said sites may independently react with a component of 

the fluid sample and are separated from each other by a region of said substrate 
that is free of said organic thinfilm. 

2. The device of Claim 1, further comprising an affinity tag, wherein said 
biological moiety is immobilized to said organic tliinfilm by said affinity tag. 

3. The device of Claim 1, wherein the organic thinfilm is less than about 20 
nm thick. 

4. The device of Claim 1, wherein said organic thinfilm comprises a 
monolayer. 

5. The device of Claim 1, wherein the monolayer comprises a self-assembled 
monolayer comprising molecules of the formula 

(X) a R(Y) b 

wherein R is a spacer, X is a functional group that binds R to the surface, Y 
is a functional group for binding the biological moiety onto the monolayer, and a 
and b are, independently, integers. 

6. The device of Claim 5, wherein both a and b are 1 . 
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7. The device of Claim 5, wherein: 

said substrate is selected from the group consisting of silicon, silicon 
dioxide, indium tin oxide, alumina, glass, and titania; and 

X, prior to incorporation into said monolayer, is selected from the group 
consisting of a monohalosilane, dihalosilane, trihalosilane, trichlorosilane, 
trialkoxysilane, dialkoxysilane, monoalkoxysilane, carboxylic acid, and 
phosphate. 

8. The device of Claim 5, wherein the substrate comprises silicon and X is an 
olefin. 

9. The device of Claim 1, wherein the substrate comprises a polymer. 

10. The device of Claim 5, further comprising at least one coating between said 
substrate and said monolayer, wherein said coating is formed on the substrate or 
applied to the substrate. 

11. The device of Claim 1 0, wherein: 

said coating comprises a noble metal film; and 
X, prior to incorporation into said monolayer, is a functional group 
selected from the group consisting of an asymmetrical or symmetrical 
disulfide, sulfide, diselenide, selenide, thiol, isonitrile, selenol, trivalent 
phosphorus compounds, isothiocyanate, isocyanate, xanthanate, 
thiocarbamate, phosphines, amines, thio acid and dithio acid. 

12. The device of Claim 10, wherein the coating comprises titania or tantalum 
oxide and X is a phosphate group. 

13. The device of Claim 2, further comprising an adaptor that links the affinity 
tag to the immobilized biological moiety. 
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14. The device of Claim 1 which comprises at least about 10 reactive sites. 

15. The device of Claim 13 which comprises at least about 100 reactive sites. 

16. The device of Claim 1 which comprises at least about 1 0 different 
immobilized biological moieties. 

17. The device of Claim 16 which comprises at least about 100 different 
immobilized biological moieties. 

18. The device of Claim 1, wherein all of the biological moieties on the 
reactive sites are functionally related. 

19. The device of Claim 1, wherein all of the biological moieties on the 
reactive sites are structurally related. 

20. The device of Claim 1, wherein the biological moiety is a polynucleotide. 

21. The device of Claim 1, wherein the biological moiety is a protein. 

22. The device of Claim 21, wherein all of the biological moieties on the 
reactive sites are members of the same protein family. 

23. The device of Claim 22, wherein the protein family is selected from the 
group consisting of growth factor receptors, hormone receptors, neurotransmitter 
receptors, catecholamine receptors, amino acid derivative receptors, cytokine 
receptors, extracellular matrix receptors, antibodies, lectins, cytokines, serpins, 
proteases, kinases, phosphatases, ras-like GTPases, hydrolases, steroid hormone 
receptors, transcription factors, heat-shock transcription factors. DNA-binding 
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proteins, zinc-finger proteins, leucine-zipper proteins, homeodomain proteins, 
intracellular signal transduction modulators and effectors, apoptosis-related 
factors, DNA synthesis factors, DNA repair factors, DNA recombination factors, 
cell-surface antigens, hepatitis C virus (HCV) proteases and HIV proteases. 

24. The device of Claim 21, wherein the biological moiety is an antibody or an 
antibody fragment. 

25. The device of Claim 1, wherein the biological moiety is a protein-capture 
agent. 

26. The device of Claim 1, wherein said device comprises a micromachined or 
microfabricated device. 

27. The device of Claim 1, wherein each of said reactive sites is in a 
microchannel oriented parallel to microchannels of other reactive sites on 
the device, wherein said microchannels are microfabricated into or onto 
said substrate. 

28. The device of Claim 27, wherein said device comprises at least about 10 
microchannels. 

29. The device of Claim 28, wherein said device comprises from about 100 to 
about 500 microchannels. 

30. The device of Claim 27, wherein said device comprises from about 2 to 

2 

about 500 parallel microchannels per cm . 

31. The device of Claim 27, further comprising a cover over the 
microchannels. 
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32. 



is 



The device of Claim 3 1, wherein the volume of said microchannel 
between about 5 nanoliters and about 300 nanoliters. 

33. The device of Claim 32, wherein the volume of said microchannel is 
between about 10 nanoliters and about 50 nanoliters. 

34. The device of Claim 27, wherein the width and depth of said microchannel 
each are between about 10 um and about 500 jam. 

35. A method for screening a plurality Of different biological moieties in 
parallel for their ability to interact with a component of a fluid sample, 
comprising: 

(a) delivering the fluid sample to the reactive sites of a device of Claim 
1. wherein each of the different biological moieties is immobilized on a different 
reactive site of the device; and 

(b) detecting, either directly or indirectly, the interaction of said 
component with the immobilized biological moiety at each reactive site. 

36. A method for screening a plurality of different biological moieties in 
parallel for their ability to react with a component of a fluid sample, comprising: 

(a) delivering the fluid sample to the reactive sites of a device of Claim 
1. wherein each of the different biological moieties is immobilized on a different 
reactive site of the device; and 

(b) detecting, either directly or indirectly, formation of product of the 
reaction of said component with the immobilized biological moiety at each 
reactive site. 

37. A method for screening a plurality of biological moieties in parallel for 
their ability to bind a component of a fluid sample, compnsmg: 
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(a) delivering said fluid sample to the reactive sites of a device of Claim 
1, wherein each different biological moiety is immobilized on a different reactive 
site of the device; and 

(b) detecting, either directly or indirectly, the presence or amount of 
said component retained at each reactive site. 

38. A method for screening a plurality of components in separate fluid samples 
for their ability to interact with a biological moiety, comprising: 

(a) delivering each of the different fluid samples to separate reactive 
sites of the device of Claim 1, wherein the separate reactive sites of the device 
each comprise the immobilized biological moiety; and 

(b) detecting, either directly or indirectly, for the interaction of the 
immobilized biological moiety at each reactive site with the component delivered 
to that reactive site. 

39. A method for screening a plurality of binding candidates in parallel for 
their ability to bind a biological moiety, comprising: 

(a) delivering different fluid samples, each containing at least one of the 
binding candidates, to separate reactive sites of the device of Claim 1, wherein the 
separate reactive sites each comprise the immobilized biological moiety; and 

(b) detecting, either directly or indirectly, for the presence or amount of 
said binding candidate retained at each reactive site. 

40. A method for screening a plurality of different proteins in parallel for their 
ability to interact with a particular protein, comprising: 

(a) delivering different fluid samples, each containing at least one of the 
different proteins, to separate reactive sites of the device of Claim 1, wherein the 
particular protein is immobilized on each of the separate reactive sites; and 

(b) detecting, either directly or indirectly, for the interaction of the 
particular protein with the different proteins at each of the reactive sites. 
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41. A method for pairing a plurality of proteins with their substrates, 
comprising: 

(a) delivering a fluid sample comprising a substrate of a known enzyme 
family to the reactive sites of a device of Claim 1, wherein each reactive site of 
the device comprises a different immobilized protein; and 

(b) detecting, either directly or indirecdy, for product formed by the 
reaction of the substrate with the immobilized protein of each reactive site. 

42. A method for pairing a plurality of proteins with their ligands, comprising: 

(a) delivering a fluid sample comprising a ligand of a known protein 
family to the reactive sites of a device of Claim l. wherein each reactive site of 
the device comprises a different protein; and 

(b) detecting, either directly or indirectly, for the presence or amount of 
the ligand retained at each reactive site. 

43. A method for detecting in a fluid sample the presence of a plurality of 
analytes, comprising: 

(a) delivering the fluid sample to the reactive sites of a device of Claim 
1, wherein a biological moiety which reacts with one of said analytes is 
immobilized on each of the reactive sites; and 

(b) detecting for the interaction of the analyte with the immobilized 
biological moiety at each reactive site. 



44. A method for detecting in a fluid sample the presence of a plurality of 
analytes, comprising: 

(a) delivering the fluid sample to the reactive sites of a device of Claim 
1. wherein a biological moiety which binds one of said analytes is immobilized on 
each of the reactive sites; and 
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(b) detecting, either directly or indirectly, for the presence of analyte ' 
retained at each reactive site. 

45. A device for analyzing components of a fluid sample, comprising: 

(a) a substrate; 

(b) a plurality of parallel microchannels microfabricated into or onto 
said substrate; and 

(c) a biological moiety immobilized within at least one of said parallel 
microchannels, wherein said biological moiety may interact with a component of 
the fluid sample. 
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Top view 




Fig. 1 
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Fig. 6 
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Fig. 8 
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UPA, A UNIVERSAL PROTEIN ARRAY SYSTEM 



FIELD 

The present invention relates to detection of interactions between polypeptide and protein 
DNA, RMA and/or ligand molecules. 

BACKGROUND 

Gene expression in eukaryotic cells is controlled by numerous fundamental and selective 
protein-protein, protein-DNA, protein-RNA and protein-.igand interactions. Cancer, as well as other 
genet.c diseases, results from abnormal gene expression, .nteractions of proteins with proteins and 
other b,omo.ecu.es play a pivotal role in a.most every aspect of gene expression. Therefore, factors 
mvo.ved in these interactions, including transcription factors, signal transduction factors, growth 
factors and the products of other oncogenes, tumor suppressor genes, vira. genes and many cel.ular 
genes, have been implicated as potential targets for new drugs (Hurst. Eur. J. Cancer 32A 1 857- 
1863, 1996; Bustin and McKay, Br. J. Biomea. Sci.,51, ,47-157. 1994; Powis. Pharmac. The,, 62. 
57-95, 1994; Krantz, Nature Biotechnoi , 16, 1294, 1998). 

Use of transcription factors has proved to be a successful means to identify new drug taroets 
» cancer and other human disease. The basal transcription machinery of Cass IJ genes consists of at 
leas, s,x general transcription factors, including TF11B, TFIID, TFIIE, TFIIF, TF1IH and RNA 
polymerase II. However, an additiona. activators) and coactiva,or(s) are required for regulated 
(activated) transcription (Orphanides et at., Genes Dev., ,0, 2657-2683, 1996; Ptashne and Gann 
Nature, 386, 569-577, ,997). Both basal and activated transcriptions are control large.y through 
protetn-protein interactions between transcription factors and through protein-DNA interactions = 
Thus, tnstght into factor communication holds not only the key to understanding mechanisms of a ene 
regulatton, but also provides a means of understanding mechanisms of pathogenesis and of 
identifying anticancer drugs. 

At present, in addition to the two-hybrid system and co-immunoprecipitation assays usually 
used to detect protein-protein interactions /* v/vo, the glutathione S-transferase (GST) pull-down 
assay ,s one of the more common methods to determine specific protein-protein interactions /„ vitro 
Cross-lmking, gel mobility shift, footprinting and others have been often used to study protein-DNA 
and protein-RNA interactions (Fields and Stemglanz, Trends Gene,, 10, 286-292 1 994- Harris 
Metnoas Mol. Biol., 88. 87-99. ,998). Recently, several methods, including seria. ana.ysis of *ene 
expression (SAGE) (Ve.cu.escu et a,.. Science, 270, 484-487, , 995), cDNA microarrays (Schena - 
< Science, 270. 467-470. ,995) and o.igonucleotide-based DNA chips (Chee et a,.. Science ,74 
6 1 0-6 .4, 1 996), have been employed to study the relationship between gene expression and , ' 
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SUMMARY 

including w,™^ BN4 " *"* " , ™ IVe<i «~ "I""*. 

polypeptide samples, which can be a™**,, • Wi " inC,Ude at »* ' 0 

™ b »^onl,™ epolwkleismytdaleichiidd(Ki 

25 content of the preparation l„„h Protein represents at least 50% of the total protein 

enters, „ swn is s „ tes • "2 " — *»* '« 
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from th. foiling group of po lyptpIite: ^ miB 

U. «». T R , Oo,,, Spl , Cd-Pd, C4-H,. Od-AH. Cd-VPid. Od-CTF. Cd. Sp , Gd-EtA, Gd IE 0 

i:C p ;T K ^ rc4 - 2 ' — — • 

-7. PC4.W, p5 2 , p 75 , p75c , p3M , c , PCAF, PCAF-G, TAF250, Topp , <„,,, Topo , Topo , 
(WO , Topo , ASF, SR, GST-Np, „ d GST-K. This reoreseots speeifio bu , 

0rCenai " """^ *" ~» »' - -HP* on » arrp y of .his inveptiop 

The present i„ ve „,i„„ a | s „ provides ^ emp|oying these ^ 

„ (e "° M>ma "' ^ i,,,e, " i0 " " ' my ^ - 

array <« er , roaoro- or microaTay) of ^ po|ypep|ide . ^ ^ _ 

•hen be daeon*,. ,„ comin tsnopditnenrs. the p o, wides „ f , he my „ ^ 
Pt^raion, ; nf p.,^0,, P„,, wlides may f „ exampfe „, sab|y wiih srt£e 

* >•« *o„ „a y ho , son. sllppOT . Examples „ f su£h jKlude 
t-boond probe n,o,«co,P ( s) nriorto ***„, the binding p ,„ en , of „ t ^ 
15 Probes for „« „i,h assaj.aof this invenlion ca „ „, „ y m0|ecu|es ^ ^ ^ ^ _ 

Peptide. E,™ ples ,f ^ ,„ clud , slngk . sra , dpd „ uc|eic ^ (DNA of 

co-faciors, substratea o, ration ^ of e „ 2ymlie ^ „ ^ ^ ^ ^ 
anaktgs, nttp^u, Md so fo„h). Su ch P robes „ detpotob,.. eithtr dlie ,„ inhm „, ^ 
probe (such as irpmpoogenioi* ^ e „ „ ^ ^ ^ _ ^ 

through the apachmen, o, pssociprio,, of a iabe, or rag m „, ec „ e . Exampte of ^ 
fluotppcent ags, lumipesppp, agSi md imnropogenip bags. 

0.h« asaaya provided by the iuueutioo pop he „«„ „ de , emline „„. „ „„„ 

.he probe m .„ cule (hr lnsai , ce , , ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
uonraeted to „ my of largtt „ ^ _ ^ ^ ^ ^ ^ ^ 

» certa, , m h„ dta , m , upboupd orob. is washe. or orhe^ia. r« m ou ed ftom the f„ i„ sanet 
Ofthe mys used in , fee ^ sub|y ^ t . Md w . fc a so|m s ^ 

be arra ^ ^ " "" "* ^ " *" ° f i "™ i< » ^ ■» *- ™ 
aruached ,„ a P rohe proieeui. ,p facilitate de tt e,i„„ of the „„,«„,, Such iaoeis ipPiudp u !s thp, 
cap be d„ee„ y dP,««d ( , s .. t**^ „ uorescen , „ Bg$) „ ^ . ^ 

«0. Pr^a p.,, also dettcaWe „ fc ^ ^ , hey £>n ^ ^ ^ ^ a 
mherPd, ,„ , he probe ta|f ^ immu „ ogCTkjlyi inheren| ^ > 

This i„v«„,i„„ also provides kiB for , abt|ing ^ motete m ^ 
protetd ,„,P„ c ,io„ feg , pr0 , tjn ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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IS kit. 
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30 



capable of being ,i nked t0 a prote moleculei and for ^ ^ ^ ^ ^ ^ ^ 

Buffers for use in the probe labe.ing process, or for use in performing the array-based protein assay 
-y also be provided in the kits. A probe molecule standard (either labeled or un.abe.ed) may also 
be included in the kit. 

Certain probe labeling kits will a.so include one or more arrays, for instance an array of 
substantially pure polypeptide molecules. 

Other kits provided in this invention are used for determining one or more polypeptide- 
bmdmg characteristics of a probe mo.ecule. Such kits include a polypeptide array and instructions 
for its use in determining binding characteristics of at least one probe molecule. The target 
po.ypept,des on these arrays can be substantially pure polypeptide samples, and may be arranged for 
-tance in a grid-like or radial arrangement. Arrays provided in kits can be macro- or microarrays 
or both, depending on the specific embodiment of the invention. Buffers for use in the probe 
labelmg process, or for use in performing the array-based protein assay, may also be provided in the 
kits. One or more probe mo.ecule standards (either labeled or unlabeled) may a.so be included in the 



Other embodiments of the invention are methods of analyzing proteins, particularly protein- 
molecule interactions and/or binding characteristics. Certain of these methods include obtaining 
more than one (a plurality) substantia.* pure protein specimen, p,acing a samp.e of each specimen in 
an addressee .ocation on a recipient array; and probing the array of specimens with a detec.ab.e 
Probe mo.ecu.e. Arrays for use in these methods can be macro- or microarray, or combinations 
thereof. Probe mo.ecu.es used to assay arrays in these methods can be any mo.ecu.e. for example a 
nucleic acid, a polypeptide, a ligand, a fragment thereof, or mixtures thereof. 

Other methods provided include methods of analyzing a plurality of binding characteristics 
of an array of polypeptide samp.e, In such methods, an array of po.ypeptide samp.es is probed at 
leas, twice, sequential with a, .east a first and a second (different) probe mo.ecu.e. The array may 
be stnpped of bound first probe prior to being assayed with the second probe. Binding patterns for 
the firs, and second probes can be detected and ana.yzed to determine which polypeptides each probe 
bmds to, thereby revealing multiple binding characteristics of the array of polypeptide samples 
Arrays used in these methods can be macro- or microarrays, and will include a plurality of target 
polypept.de samples (which may be substantially pure) immobilized on a solid support in an 
addressable pattern. In these methods, the first and second (and so forth) probes can be from any 
class of molecules. 

The foregoing and other features and advantages of the invention will become more 
apparent from the following detailed description of several embodiments, which proceeds with 
reference to the accompanying figures. 
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BRIEF DESCRIPTION OF THE FIGURES 
Figure 1: Protein-Protein Interactions 
' The universal protein anay (UPA) provides quantitative detection of specific protein-protein 

from t e here.n-descr.bed UPA that was incubated with »P,abe,ed GST-K- p52) ^ washed with 
low salt buffer A 1 00 ( 1 00 mM KG) to remove unbound probe, as described in Example 3 Fig IB 
show^^ 

A 1 000 buffer ( 1 00 mM KC1). 8 

Table . is the polypeptide target arrangement key for the an*y shown in Fig. ,Aand IB 
F.g. 1C , a pictorial representation of the relative affinities of the 48 arrayed proteins for 

the transcr.pt.onal cofactor p52 after the atray was washed with buffer A1000 (100 mM KCI) The 

umts are reading units from a densitometer. 

Figure 2: Protein-DNA. Protein-RNA, and Protein-Ligand Interactions 

The un.versal protein an*y also pennits autoradiographic detection of protein-dsDNA (Fig 

The same UPA was probed with «P, abe ,ed nudeic acids (Examples 4 and 5) or with -labeled 
Lgand (Examp,e 6) as described in the text. Between each application of probe, the UPA was 
stnpped and equilibrated in buffer A100, as described in Example 2. 

in Figure Z ^ ^ ^ ' ^ for the array shown 

Figure 3: Detection of ASF/SF2-Interacting Proteins Using a UPA 

6 W K JfTpT r ted Pr ° ,einS/Pr0,ein fraC,i0nS ™ for interaction with 32P-,abeIed 

H(K)ASF/SF2. F.g. 3A shows the key grid of 1 6 proteins that were arrayed (in a 4 by 4 grid 

^atyig.SBandFig.aCareautoradiogtaphsof the binding patterns on the UPA after washing 
w.th 100mMKCIor500mlKCI,respectively. 

Key to the abbreviations in Fig. 3A: CTD, the Cenninal domain of RNA polymerase II 
fused to GST; RP B5 , RPB6, RPB8, RPB.Oa and RPBlOp correspond to individual subunits 
Polymerase „ fused to GST; TBP, TATA-binding protein; f:TFIID, affinity-pulled fiag-tagged 

receptor; H.s-Hl, histone HI; Co-His, co-histones; HMG I, high mobility group protein l - ASF 
alternate sp.icing factor; GST-Nu, GST-nuc.eolin fusion; GST-K, GST fused with a synthetic^ 
muscle kinase site. 
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DETAILED DESCRIPTION 
Abbreviations and Definitions 



_Abbreviations 



5 ASF: alternative splicing factor 
Co-His: co-histones 

CTD: the C-terminal domain of RNA polymerase II fused to GST 
*TFHD: fiag-tagged TBP-con^ing TFIJD comp,ex from HeLa cells 
G4-94, G4-147, G4-AH, G4-VP16 G4-CTP CA.* , „ 

GST: Glutathione S-transferase 

CST-K: GST fused with a synthetic heart muscle kinase site 

CST-Nu: GST-nucIeolin fusion 

His-Hl: histone HI 
15 HMG1: high mobility group protein 1 
Oct 1 : B-celJ specific activator 
p52: novel transcription factor p52 
p75: novel transcription factor p75 
P75-C: C-terminal region of novel transcription factor p75 
20 p300-C: transcriptional activator 
p C4: positive cofactor 4 

m7, PC4-wt: vanous PC4 polypeptides (see Table 2) 
PCAF: a p3000P-associa«ed factor that functions as a histone 
PCAF-C; C-terminal region of PCAF 
Pol II: polymerase II 
Spl: class II gene activator 

RXR: retinoid-X receptor 
TAF250: transcriptional coactivator 
TBP: TATA-binding protein 



25 



35 



TFIIA, TFIIB, TBP, f:TFIID, TFIIE, TFIIF f TFIIH n« 

HE, IIP, and IIH tranSCr ' Pti ° n **« ,,A ' " B - 

Topo I (wt), Topo I (mt), Topo I ( w n* r nnn , , „ 

Table 2) ' ' ^ ^ t0P ° iS ° merase 1 ^ (see 
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TR: thyroid hormone receptor 
UP A: universal protein array 



B. Deflnitinng 
1 he sha Pe of the sample application 'Wr» ■ 

5======= 

«. »™ro f , ht , my coniains ,_ nption ractor ma 3bbre>i> — — 

oi me array, for instance, transcription factor 1IA (TFIIA) 
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is found at both address la and address lb, collectively addresses laA>. This pair of addresses (which 
contain samples of the same polypeptide) can additionally be referred to by a single number that 
corresponds to the protein in that pairof addresses. Thus, TF11A (at addresses laand lb)canalsobe 
referred to by the numeral (1) (found centered above addresses laand IbofTable I). Likewise, the 
5 numeral (2) refers to addresses Icand .d (Ic/d), and designates the two address that contain a sample 
of transcription factor IIB (TFIIB). Horizontally arranged pairs of addresses containing samples of 
the same polypeptide are numbered this way through out this particular array, from (I) (referring to 
TFI1A, in addresses la/b) through (48) (referring to GST-K, in addresses 12g/h). These reference 
. numerals (1) through (48) are used in the first column of Table 2 to correlate the binding data 
1 0 discussed in some of the Examples below to the array position key. 

Binding or interaction: An association between two substances or molecules. The arrays 
of this invention are used to detect binding of a probe molecule to one or more polypeptides of the 
array. A probe "binds" to a polypeptide of an array of this invention if, after incubation of the probe 
(usually in solution or suspension) with or on the array for a period of time (usually 5 minutes or 
15 more, for instance 10 mmutes, 20 minutes, 30 minutes, 60 minutes, 90 minutes, 120 minutes or 
more), a detectable amount of the probe associates with a polypeptide of the array to such an extent 
that it is not removed by being washed with a relatively low stringency buffer (e.g., 100 mM KCI). 
Washing can be carried out, for instance, at room temperature, but other temperatures (either higher 
or lower) can also be used. Probes will bind different polypeptides to different extents, and the term 
20 "bind" encompasses both relatively weak and relatively strong interactions. Thus, some binding will 
persist after the array is washed in a higher salt buffer (e.g., 500 mM or 1000 mM KCI). 

The term "binding characteristics of an array for a particular probe" refers to the specific 
binding patten, that fonns between the probe and the array after excess (unbound or not specifically 
bound) probe is washed away. This pattern (which may contain no positive signals, some or all 
25 positive signals, and will likely have signals of differing intensity) conveys information about the 
binding affinity of that probe for the polypeptides of the array, and can be de-coded by reference to 
the key of the array (which lists the addresses of the polypeptides on the array surface). The relative 
intensity of the binding signals from individual polypeptide spots is indicative of the relative 
affinities of the probe for those polypeptide molecules (assuming that the same number of probe 
30 binding sites are immobilized at each address on the array). Quantification of the binding patten, of 
an array/probe combination can be carried out using any of several existing techniques, including 
scanning the signals into a computer for calculation of relative density of each spot. 

DNA (deoxyribonucleic acid): DNA is a long chain polymer that contains the genetic 
material of most living organisms (the genes of some viruses are made of ribonucleic acid (RNA)). 
35 The repeating units in DNA polymers are four different nucleotides, each of which includes one of 
the four bases (adenine, guanine, cytosine and thymine) bound to a deoxyribose sugar to which a 
Phosphate group is anached. Triplets of nucleotides (referred to as codons) code for each amino acid 
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in a polypeptide, or for a stop signa.. The tenn "codon" is also used for the corresponding (and 
complementary) sequences of three nucleotides in the mRNA into which the DNA sequence is 
transcribed. 

High throughput genomics: Application of genomic or genetic data or analysis techn.ques 
> .hat use microarrays or other genomic technologies to rapidly identify large numbers of genes or 
protems, or distinguish their structure, expression or function from norma, or abnormal cells or 
tissues. 

■ -»« 

Isolated: An "isolated" biological component (such as a nucleic acid molecule, protein or 
organelle) has been substantially separated or purified away from other biological components in the 
cel. of the organism in which the component naturally occurs, other chromosomal and extra- 
chromosomal DNA and RNA, proteins and organel.es. Nucleic acids and proteins that have been 
•solaced" indude nucleic acids and proteins purified by standard purification method, The term 
also embraces nucleic acids and proteins prepared by recombinant expression in a host cell as well as 
chemically synthesized nucleic acids. 

Nucleic acid: A deoxyribonucleotide or ribonucleotide polymer in either single or double 
stranded form, and unless otherwise .imited, encompasses known analogues of natural nucleotides 
that hybnd,ze to nucleic acids in a manner similar to naturally occurring nucleotides. 

Oligonudeotide: A linear polynucleotide sequence of up to about 300 nucleotide bases in 
length, for example a polynucleotide (such as DNA or RNA) which is at least 6 nucleotides for 
example a. least 1 5, 50, 1 00 or even 200 nucleotides long. 

An oligonucleotide analog refers «o moieties that function similarly to o.iaonuc.eotides but 
have non-natural.y occurring portion, For example, oligonucleotide analogs can contain non- 
naturally occurring portions, such as altered sugar moieties or inter-sugar linkages, such as a 
Phosphorothioate o.igodeoxynuc.eotide. Functional analogs of naturally occurring polynucleotides 
can b,nd ,o RNA or DNA, and include peptide nucleic acid (PNA) molecules. Such analog 
molecules may also bind to or interact with polypeptides or proteins. 

Oligopeptide: An oligopeptide is defined as a linear molecule of about 50 or fewer amino 
acid residues. 

Peptide Nuc.eic Acid (PNA): An oligonucleotide analog with a backbone comprised of 
monomers coupled by amide (peptide) bonds, such as amino acid monomers joined by peptide 
bonds. 

Probe: A molecule that may bind to or interact with one or more polypeptide, A probe as 
the term ,s used herein, can be any molecule that is used to challenge ("probe," "assay," "interrooate" 
or "screen") a polypeptide array in order to determine the binding or interaction characteristics of the 
arrayed polypeptides with that probe molecule. In specific embodiments of the current invention 
probes may be from different and varied molecular classes. Such classes are, for instance, nucleic 
acds (such as single or double stranded DNA or RNA). oligo- or polypeptides (such as proteins 
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"probed" or "assayed" or "challenged" when i, is incubated with a probe molecule (such as a 
polypeptide, nucleic acid molecule, or ligand). 

Proteio/Polypeptide: A biological molecule expressed by a gene or other encoding nuc.eic 
acd, and comprised of amino acids. More generally, a polypeptide is any .inear chain of amino 
ac.ds, usually about 50 or more amino acid residues in length. 

Arrays according to the present invention include a plurality of polypeptide samples 
(targets) "spotted" at assignable locations on the surface of an array substrate. The polypeptide at 
each spot can be referred to as a target polypeptide, or Urge, polypeptide samp.e. In certain 
embodiments, polypeptides are deposited on and bound to the array surface in a substantially native 
configuration, such that at least a portion of the individual polypeptides within the spot are in a native 
configuration. Such native configuration po.ypeptides are capable of binding to or interacting with 
molecules in solution that are applied to the surface of the array in a manner that approximated 
natura. mtra- or intermodular interactions. Thus, binding of a mo.ecu.e in solution (for instance a 
probe) to a target polypeptide immobilized on an array will be indicative of the .ike.ihood of such 
interactions in the natural situation (i.e., within a cell). 

In certain arrays of the invention, referred to as pooled arrays, at least one particular address 
on the array is occupied by a pooled mixture of more than one substantially pure target polypeptide 
All of the addresses on the array may contains pools of polypeptide, or only some of the addresses 
depend*, on the use of the array. For instance, in some circumstances it may be desirable to array a 
target polypeptide associated with one or more non-target po.ypeptides, for instance a stabi.izing 
Polypeptide or .inker mo.ecu.e. In addition, the native conformation of certain binding sites on 
protons can only be assayed for probe binding when the target po.ypeptide is associated with other 
molecules, for instance when the target polypeptide natively ex.sts as one subunit of a mul.imeric 
complex. Pooled arrays of the current invention include those on which one or more of the addresses 
contams a multimeric polypeptide complex. In the case of such an array, it is envisioned that 
Afferent probe molecules may bind to different polypeptides within the complex of "target" 
polypeptides. 

Although the identity of each probe in the pooled mixture at a specific address is known the 
.nd,v,dua. probes in the poo. are not "separately addressable." The binding signal from a pooled 
address ,s the binding signal of the set of different (but mixed or associated) po.ypeptides occupy.no 
that address. In general, an address is considered to disp.ay binding of a probe mo.ecu.e if at .east 
one polypeptide occupying the address binds to the probe molecule. 

Arraying pooled samples is also a powerful tool in high-throughput technologies for 
mcreasmg the information that is yielded each time the array is assayed. 

Protein purification: Po.ypeptides for use in the present invention can be purified by any 
of the means known in the art. See, e.g.. Guide to Protein Purification, ed. Deutsche, Meth. ' 
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markers, or markers predicting therapy outcome, which are associated with polypeptide binding 
characteristics. 

Polypeptide arrays according to this invention may also be used to help assess the ability of 
certain drugs or potential drugs to interact with target polypeptides, or the ability of such molecules 
to block the interaction of other probes with arrayed polypeptides. 

The UPAs of this invention can be used to investigate receptor specificity of different types 
of known and suspected receptor molecules. Examples of receptors that can be investigated for 
probe-specific binding by arrays according to this invention include but are not limited to 
microorganism receptors (for instance, those found in fungi, protozoa, and bacteria, especially 
bacterial strains that are resistant to antibiotics); hormone receptors (including those involved in 
diabetes, growth regulation, vasoregulation, and so forth); and opiate receptors (involved in 
biological responses, for instance to addictive drugs). 

Also envisioned are arrays that are custom produced for the researcher, with an arrayed 
collection of polypeptides tailored to a specific research project, research system, etc. 

Not in any way intending to be limited to the list below, the following is a list of the types of 
collections of polypeptides that can be arrayed on a UPA according to this invention: all or 
substantially all the proteins encoded for by the genome of an organism; all or substantially all the 
proteins encoded for by a chromosome of an organism; proteins expressed in a cell during a 
particular growth phase or environmental condition; proteins expressed in a cell under a particular 
abnormal state (such as cancer, disease, or infection); proteins expressed in cells at various times 
during the progression of a disease or condition (eg., during progression of a tumor, or development 
of a chronic disease such as Alheizmers); proteins expressed in a particular cell type; proteins from a 
particular protein family (eg., DNA polymerases, cell surface proteins, transmembrane proteins or 
fragments [such as soluble fragments] thereof, oncogene proteins, tumor suppressor proteins, and so 
forth); proteins that show sequence homology to each other; proteins that share secondary structural 
characteristics; proteins that associate to form multimeric complexes (eg., the subunits of a ribosome 
or a membrane ATPase); viral epitopes; domains of proteins; proteins from different species; and 
collections of fragments of any of these protein collections. 

B. Production of substantially pure target polypeptides 

Polypeptides for use as targets on the subject arrays can be produced by any technique that 
yields native protein. These techniques in general include expression from engineered DNA 
constructs, extraction from native samples (eg., clinical samples), or de novo synthesis of 
oligopeptide or polypeptide fragments. 

Expression of the target polypeptides can be earned out using well known techniques. For 
instance, partial or full-length cDNA sequences, which encode the protein of interest as a target on 
the UPA, may be ligated into bacterial expression vectors. Methods for expressing large amounts of 
protein from a cloned gene introduced into Escherichia coli (£. co/i) may be utilized for the 
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production and purification of intact, native target proteins. Methods and plasmid vectors for 
producing fusion proteins and intact native proteins in bacteria are described in Sambrook et al. 
(Sambrook et al. In Molecular Cloning: A Laboratory Manual, Ch. 17, CSHL, New York, 1989). 
Such fusion proteins may be made in large amounts and are easy to purify. Native proteins can be 
produced in bacteria by placing a strong, regulated promoter and an efficient ribosome-binding site 
upstream of the cloned gene. If low levels of protein are produced, additional steps may be taken to 
increase protein production; if high levels of protein are produced, purification is relatively easy. 
Suitable methods are presented in Sambrook et al. (In Molecular Cloning: A Laboratory Manual 
CSHL, New York, 1989) and are well lenown in the art. Often, proteins expressed at high levels are 
found in insoluble inclusion bodies. Methods for extracting proteins from these aggregates are 
described by Sambrook,/ al. (In Molecular Cloning: A Laboratory Manual, Ch. 17,CSHL,New 
York. 1 989). Vector systems suitable for the expression of lacZ fusion genes include the pUR series 
of vectors (Ruther and Muller-Hill. EMBOJ. 2:1791, 1983), P EXI-3 (Stanley and Luzio. EMBOJ. 
3:1429, M4) and pMRlOO(Gnyetal.,Proc. Natl. Acad Sci. 79:6598, 1982). Vectors 
suitable for the production of intact native proteins include P KC30 (Shimatake and Rosenberg, 
Nature 292:128, 1981), pKK177-3 (Amann and Brosius, Gene 40:183, 1985) and pET-3 (Studiar and 
Moffatt, J. Mol. Biol. 1 89: 1 1 3, 1 986). 

C. Choice of array format and structure 

UPAs may vary significantly in their structure, composition, and intended functionality. 
The UPA system is amenable to use in either a macroarray or a microarray format, or a combination 
thereof. Such arrays can include, for example, at least 50, 100, 150, 200, 500. 1000, or 5000 or more 
array elements (such as spots). In the case of macro-UPAs, no additional sophisticated equipment is 
usually required to detect the bound probe on the UPA, though quantification may be assisted by- 
known automated scanning and/or quantification techniques and equipment. Thus, macro-UPA 
analysis can be carried out in most research laboratories and biotechnology companies, without the 
need for investment in specialized and expensive reading equipment. 

Examples of substrates for UPAs include glass (e.g., functionalized glass). Si, Ge, GaAs, 
GaP, SiO,, SiN«, modified silicon nitrocellulose, polyvinylidene fluoride, polystyrene, 
polytetrafluoroethylene, polycarbonate, nylon, fiber, or combinations thereof. Array substrates can 
be stiff and relatively inflexible (e.g., glass or a supported membrane) or flexible (such as a polymer " 
membrane). One commercially available microarray system that can be used with the arrays of this 
invention is the FAST™ slides system (Schleicher & Schuell. Dassel, Germany), which incorporates 
a patch of polymer on the surface of a glass slide. 

In genera), a target on the array should be discrete, in that signals from that target can be 
distinguished from signals of neighboring targets, either by the naked eye (macroarrays) or by 
scanning or reading by a piece of equipment or with the assistance of a microscope (microarrays). 

Macro-UPAs are often arrayed on polymer membranes, either supported or no., and can be 
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of any size, but typically wi.l be greater than a square centimeter. Other examp.es of macroarray 
grates include giass^be^asticandmet,. Macroarrays are generaNy used when the number of 
polypepttdes in the target set is relatively small, on the order of tens to hundreds ofsamp.es, however 
macroarrays with a .arger number of array elements can be used on large substrate, Spot 
arrangement on the macroarray is such that individual spots can be distinguished from each other 
when the sample is read; typically, the diameter of the spot is about equal to the spacing between 
individual dots. 

Sample spots on macroarrays are of a size large enough to permit their detection without the 
ass,stance of a microscope or other sophisticated enlargement equipment. Thus, spots may be as 
small as about 0. 1 mm across, with a separation of about the same distance, and can be larger 
Larger sample spots on macroarray, for examp.e, may be about 0.5, 1, 2, 3. 5, 7, or .0 mm across 
Even larger spots may be larger than .0 mm ( I cm) across, in certain specific embodiments The 
array sue will in genera, be corrected the size of the samp.e spots app.ied to the array, in that .arger 
spots will usually be found on larger arrays, while smaller spots may be found on smal.er arrays 
Th.s correlation is not necessary to the invention, though. 

m microarray UPAs, a common feature is the small size of the target array, for example on 
.heorderofasquaredcentimeterorles, A squared centimeter (I cmby I cm) is large enough to 
contain over 2.500 individual target spots, if each spot has a diameter of 0. 1 mm and spots are 
separated by 0. 1 mm from each other. A two-fold reduction in spot diameter and separation can 
allow for ,0.000 such spots in the same array, and an additional halving of these dimensions would 
allow for 40,000 spot, Using microfabrication technologies, such as photolithography, pioneered by 
the computer industry, spot sizes of less than 0.0 1 mm are feasible, potentially providing for over a 
quarter of a million different target sites. The power of microarray-forma, UPAs resides not only in 
the number of different polypeptides that can be probed simultaneously, but also in how little protein 
is need for the target. 

The amount of polypeptide target sample that is applied to each address of an array will be 
largely dependent on the array format used. For instance, microarrays will generally have less 
Polypeptide applied at each address than will macroarrays. By way of example, individual targets on 
a macroarray can be applied in the amount of about I pmol or greater, for instance about 3 pmol 
about 5 pmol, about 7.5 pmol, about .0 pmol, about .5 pmol or more. In contrast, samples app.ied 
.o ■nd.vidua. spots on a microarray will usually be less than . pmol in each spot, for instance, about 
•8 pmol, about 0.5 pmol, about 0.3 pmol, about 0. 1 pmol, about .05 pmol or less. 

In addition, the surface area of samp.e application for each "spot" wi.l influence how much 
Polypept.de is immobi.ized on the array surface. Thus, a .arger spot (having a greater surface area) 
w.l. generally accept or require a greater amount of targe, molecule than a smaller samp.e spot 
(having a smaller surface area). 
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2: Application of targets to array * 

Targets on the array may be tnade of o.igopeptides, po.ypeptides, proteins, or fragments of 
these mo.ecu.es. O.igopeptides, containing between about 8 and about 50 ,i„ k ed amino acids, can be 
synthestzed readi.y by chemica, methods. Phonographic techniques a.,ow the synthesis of 
-0 hun reds of thousands of different types of o.igopeptides to be separated into individua. spots on a 
s,g.e ch,p, in a process referred to as * synthesis, as has been done with o.igonuc.eotide arrays 

Longer po.ypeptides or proteins, on the other hand, contain up to several thousand amino 
acd rescues, and are no, as easily synthesized through * vit ro chemical methods. Instead 
polypeptides and proteins for use in UPAs are usually expressed using one of severa. we., known 
ceHular expression systems, induding those described above. A.ternative.y, proteins can be isolated 
from the.r native environment, for instance from tissue samples or environmental samples, or from 
express.on chambers in the case of engineered expressed P o.ypeptides. After extraction and 
approbate purification, the polypeptide can be deposited onto the array using any of a variety of 
techniques. 

» In the methods disclosed in this applications, target po.ypeptides can be delivered to the 

substrate of the array by various different mechanism, One is by flowing within a channel defined 
on predefined regions of the array substrate. Typical "flow channe." application methods for 
applymg the polypeptides to arrays of the present invention are represented by dot-b.ot or s.ot-b.ot 
systems (see, eg.. U.S. Patents No. 4,427,4 ,5 and 5,283,039). One alternative method f r app.yin* 
•he targets to the array substrate is "spotting" the targe, polypeptide on predefined regions (each 
corresponding to an array address). In a spotting technique, the target mo.ecu.es are delivered by 
d,ec,.y depositing (rather than flowing) re.ative.y small quantities of them in se.ected regions For 
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simultaneously. 

Usually, the target polypeptides are deposited on the array substrate m such a way that they 
are substantially irreversibly bound to the array. For example, a target may be bound such that no 
more than 30%ofthe polypeptide on the array at the endofthe binding process can be washed off 
usmg buffers of the UPA system (, g ., low or high sa.t buffers or stripping buffers). In other 
embod-ments, no more than 25%, no more that, 20%, no more than 15%, no more than ,0%, no more 
than 5%, or no more than 3% of the polypeptide on the array at the end of the binding process can be 
washed off using buffers of the UPA system. 

Depending on the array substrate used, the substrate alone may substantially irreversibly 
tad the targe, without further linking being necessary (.,, nitroce.lulose and PVDF membranes) 
In other mstances, a linking or binding process must be performed to ensure binding of the 
polypeptides. Examples of linking processes are lenown to those of ski., in the art, as are the 
substrates that require such a linking process in order to bind polypeptide molecules. The target 
polypeptides optionally may be attached to the array substrate through linker molecules. . 

In certain embodiments, the non-sample regions of the array surface (those regions of the 
array surface that do no, contain target molecules) are blocked in order to prevent or inhibit binding 
of the probe molecules directly to the array surface. 

It is beneficial in certain embodiments to apply a known amount of each target polypeptide 
on the array. ln particular embodiments, an essentially equal amount of each target polypeptide is 
apphed to each spot. Quantification and equivalent application of ,he targets permits comparison of 
probe b.ndmg affinity between me differen, targets. Measurements of the amount of specific target 
proteins may be carried out through many techniques well known in the an. These include 
quantitative immunoblo, analysis, enzyme activity assays (where appropriate), and commercially 
avatiable protein quantification kits (,g., Bio-Rad protein assay systems), which determine the 
concent.at.on of protein in a sample regardless of biological characteristics of the specific protein 
being measured. 

Many other techniques could be used to measure the amount of a targe, protein present in a 
sample. For instance, the amount of target protein in a sample could be measured using a 
quantitative enzyme-linked immunosorbant assay f/ELlSA') as described by Aboagye-Mathiesen et 
al (Placenta 18:1 55-6 1 , 1 997). 

In certain arrays of the invention, referred to as pooled arrays, a. leas, one particular address 
on the array is occupied by a pooled mixture of more than one substantially pure ,arge, polypeptide. 
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robe ™ b ,be droned nrrey, ,„ specific „, ^ 

re : niu may be otonod fron, ,Ke sane anny by ps ,„ g re ,„ ed ^ , 

* — — Ofbe inve„,io„ , s i„ gla ^ „ ^ ' 

Ubeline and H ^ Kli0 n „ f p ^h. „„i.„.,^.j 

U-lly. probe monies used „ ^ ^ upAs 
e,ec,ao,e Wed „„ rbeir inneren, cbaracerisdes , i mmm<lgcnicitv) „ c .„ h j£ " 
nreenbie by be,„ s „be,ed « . indapandemly a „„ ab|e Bg ^ ""^ 
Wnscen, nrolecolen rba, „, anaehad „ lha probj , „, „ ™ 
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beaddedduringoraftersynAesisoftheprobemoIecule Other, 
strept/avidm:biotin system) Other » a « ,»a a ■ ^ot me 

~-*~*LJ£Z mtm ~~-~ > --**-** .« 

r single array, or between arrays (such as a single array that is 
sequent.al.y probed with multiple different probe mo .ecules). 

Computer algorithms can also be used for cnmn.r,^ u 
25 r ^ • ed ,n a com P u <er readable form 

detectable probe to produce bindine u* ,w a- 

r Cet " ndm8(e '«- abind '"gpanern)canbeplacedimo(oromo orbelow 

cnpl £ , The Ia , hers ' " ^ " ta "" Vln! *' SiM ° f * e 
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pacing s„ch . sign*. The ra*,„ i s „so cap** of deftcft* inlennetoe 

mr si8n " " a " Md a hieh sisMi " ch ,hai ,ua " ,ito,io ° °- ^ - 
c«„,i„ ^ ftM „ bs used „ ^ ^ ta ihe ^ of ^ 

ft»se .ha, h.„ been p^ usi „ g . ^ ^ . ne|ude a ^ 

eraiSSi<,n - ^ "" Vd "* h ««» Ugh, win usually be i„ ft. uv „ yiaibl. 
rang., bu, ft «« !iws « ons ^ te jnI0 u, e infra-red range. A beam spftra, M „„«, ^ 

e " ila, " > '' bea,n " 0bj "' *<* «- <— -V be _< such ft,, i, 

- raove . ft. „, y „ d 2 dirwu> „ ,„ „ fc ^ rf fc ^ ^ 

_ ft— fte exci„,i„„ „g h , « fc ^ „ d m „„ _ ^ 

- ft= array. Ugh, a, ,„„ g „ waveto81hs ^ fc ^ ^ . ^ ^ « 

amy ,ha, comaft n».r=scen,„-,abeled probe nwtata (U . ftoae adftesses conraftftg a 
polypeptide to which the probe binds). 

'5 In certain cbodiments of the invention, *e a TOy may be .novab.y disposed within the 

reader as ,t is being read, such that the array itse.f moves (for instance, rotates) whi.e the reader 
detects Ration from each address. Altemative.y, the array may be stationa^ within the reader 
wh,.e the reader detection syste mm oves across or above or around the array to detect infonna.ion 
from the addresses of the array. Specific movab.e-fonnat anay readers are known and described for 
■-stance i„ U.S. Patent No. 5, 922,6, 7. hereby incorporated in its entirety by Terence. Examples of 
medio* for generating optical data storage focusing and tracking signals are also known (see for 
example, U.S. Pat. No. 5,461,599, hereby incorporated in its entirety by reference) 

For the electronics and computer control, a detector (eg., a photomuhip.ier tube, avalanche 
detector, S, d.ode, or other detector having a high quantum efficiency and low noise) converts the 

analog-to-digita, converter digitizes the signal into binary numbers, which are then collected by a 
computer. 7 



20 



HI. Examples 

Example 1: Preparation of a UPA 

Methods and Materials 



To .dentdy target proteins to which the transcriptional coactivator P 52 will bind, the protein 
array system for which a target arrangement key is shown in Table 1 was provided. The genera. 
transcnpt,on factors, act.vators and coact.vators arrayed were overexposed either in bacteria 
baculov.™ or in mammalian cells and purified to near homogeneity as previous* described (Chianc 
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21, 23 1-241, l»2. Jlclm , JT _ "" U<i "" C *«- H.34444-344S3, l»! ;L „ 0 

P'-id OST. mB „„ vkied „ y J"' *■ ■»> - P*P« by „ VTOp «„ g 

P— 2*702. » ta(da £ ** «*• - ** -*» *,,,»« 

An mi* of 2.5 „„, , „ 

sample application to a membrane to form ,„ ""P™"* provides 

"V «fe sil0 » n in Fl ' " » ™= I • P^ds to », 

• ElCKMmP ' e ** !i "*"«'«-*c m ,»«» s ,„ provide 
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a _J_ b 
(I) 

TFHA | TFJ1A 



(5) 

TRIE [ TRIE 
(9) 

RXR ( RXR 
(13) 

G4-94 I G4-94 



5 (17) 
G4-CTF | G4-CTF 

6| (2i) " 

G4-Tat | G4-Tat 

7 (25) 
PC4-AS [ PC4-AS 

8 (29) 
PC4-m4 | PC4-m4 



c _J d 

(2) 

TFIIB | TFIIB 



(6) 

TFIIF 1 TFHF 

(10) 
TR _J__ TR 
(14) 

G4-147 I G4-I47 



(18) 

G4-Spl [ G4-SpI 



(33) 

PC4-wt I PC4-wt 



(37) 

P300-C [ P3QQ.C 
(41) 

To PoI I Topol 
( w 0 ( Wt ) 



ASF 



ASF 



(22) 

PC4-P j PC4-P 
(26) 

PC4-ml | P C4-ml 
(30) 

p C4-m5 | PC4-m5 



(34) 
P52 | P 52 



(38) 

PCA F | PC AF 
(42) 

Topol I Topol 
(™0 j ( mt ) 
(46) 



B J f 

(3) 

.TBP I TBP 



(7) 

f:TFIIH J fTF IIH 
(11) 

Oct I 1 Oct | 
(15) 

G4-AH | G4-AH 



(19) 

G4-E1A | G4-EIA 



J _J_ h 
(4) 

JilFHDl f;TFIID 



(23) 

PC4-N | PC4-N 
(27) 

PC4-m2 | P C4-m2 
(31) 

p G4-m6 | PC4 -m6 



(8) 

Po» H I Pol II 

(12) 
Spl | Spl 
(16) 

G4-VP16[G4-VP16 
(20T "* 
G4-1E | G4-IE 



(35) 
_P75 | p7 5 



(39) 

PCAF-C | P CAF-C 
(43) 

Topo I I Topo I 
(wQ * I (wt)» 



(24) 

PC4-C | PC4-C 
(28) 

PC4-m3 | P C4-m3 
(32) 

PC4-m7 | PC4-m7 



(36) 

P75-C | p75-C 



(47) 

GST-Nu GST-Nu 



(40) 

TAF250 | TA F250 
(44) 

Topo I I Topo I 
(nati) j (nati) 



(48) 

CST-K I GST-K 



>TTT — -r-r <- 1 ^nuci) vjoi-inu V 

^ss==r^ 5 t, m . ^«^fed r A ^,,„L as L 

Each sample was duplicated in two adiacem welk Th. . , 
»-*X^^ (lfcBi|||- ^ ,ll ---^--«. k .2X 



Example 2: Removal of probe molecules from 
tneUPA. 



a protein 



Methods and Materia k 

probe (E Z7' "°T' ^ "* *" W " ^ ta E ^'« ' - — ■* 
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M«}!odsandMa^ 

P— <- ^ ^ lnd UWed - <*«*. Recombinant 

A»» MM., 4, w '* ' % «*)««: f« nvn, ,2 „.,„. 

(nnpcw, f™ M „„„ ults " C "; * ** — v is „, lbed by 

DM, Snnn^ CA , " ^ " »* » tain*** 



Results 



'»»• 500 nnd ,000 „„ Ka ^ „ ' «** wi,„ „„„„ A 
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25 



30 



35 



m~ P ™,„ r„ m mammalia „ cells ^ , w ms J 

™* * — *— *■ — * <• ■ of * e ™„ iproKta eomplex 

associated with P 52 in HeLa cells. 

.6 52,5- 246^997^ 

ceH-specfic transcription (Hanalcahi e, a/., />„*, , Cflrf &/ ^ 94 3 | 

I r t 8taASF,SF2 ' nUC,e ° °-^ P ^^ domaiM 
3 ,207-12 , 3, ,995). ,ts activity can be modulated through mitosis-specific phosphorylation by 
P34cdc2 k ,nase or casein Kinase II (Tuteja e, a,, Cene, 28, ,43-148, ,995). Therefore, i, would he 
-resting to further examine the bio.ogica, significance of nucleo.in interaction with the genera, 
transcr.pt.ona, coactivator and splicing regulator p52. 

«n addition to GST-K-p52, other protein probes have also been tested in the UPA system 
F.gure 3 shows the binding activity of labeled splicing factor ASF/SF2, a member of the SR ' 
protem fami.y, t0 I6 different selected ^ in a 4 fay 4 ^ ^ ^ ^ 

bound to five of the ,6 proteins, including the affinity-purified TFIID complex (Fig 3B and C 

A d SF/ S S F2 2d) ' reCCPt0r (3ddreSS 3a> ' hUt0ne " * (addre " C0 - hiSt °- «*- 3di and 

ASF/SF2 ,tse,f (address 4b). However, after washing the UPA with 500 mM KC, ASF/SF2 

appeared to have the highest affinity for itself (Fio 3 C addre«4h\ «*■ ». ■ • 

Kr, °- aaar «s 4b), which is in agreement with the 

previous observation that » vitro tr.ns.ated ASF/SF2 could strong.y bind to GST-ASF/ SF2 in a GST 
pull down assay (Xiao and Man.ey. EMBOJ.. ,7, 6359-6367, ,998). However, ASF/SF2 also 
showed high affinity for the TFI.D complex. Since ASF/SF2 did not intent with TBP (address 2c) 
ASF/SF2 might interact directly with TBP-associated factors. Whether such an interaction reflects ' 
t e function of TFIID or ASF/SF2 in transcription or pre-mRNA splicing or coupling of these could 
a,so to be investigated using the disclosed UPA technology. Taken together, these experiments 
demonstrate that UPA can be used to detect protein interactions with various targets 

Using the same UPA, it is shown that PC4 with a single point mutation (Phe-Pro) at 
Position 77 lost both dsDNA- and ssDNA-binding activity (Fig. 2A and B, addresses 8c/d), but stil, 
retained RNA-binding activity (Fig. 2C. addresses 8Cd) : In contrast, phosphorylation of PC4 by 

RNA-b.nd.ng activity (Fig. 2C, addresses 6c/d). These observations demonstrate that UPA is an 
effective method to map protein interaction domains and DNA- or RNA-binding domains of a 
protein. 
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Example4: Interaction with a DNA probe. 

Methods and Materials 

double-stranded o.igonuc.eotide (64 bp) containing the adenovirus maj or late core P ro m oter 
elements. 

r ccc ™ 

ATAGCCC) corresponding to the adenovirus major iate promoter region from -39 to + 29 was 
labeled at the 3'-end of the minus strand with Klenow fragment in the presence of [»P]dCTP After 

a G-50 n,c k column (Pharmacia Biotech, United Kingdom). Pre-treatment tooK p.ace with buffer A 
containing 60 mM KCI, 2x Denhardfs so.ution and 25 Mg/m | po.y(dG-dC) (Sigma, St. Louis MO) at 
room temperature for 30 minute, For interaction, 5 ng/ml of labeled double-stranded (ds)DNA 

wasaddedto,hesamebufTerandincuba,ionwascarriedoutat4»Cfor>l2hours. Thearraywas 
then sequentially washed with three changes of buffer A.00, A500 and A 1 000 followed by 
0 autoradiography and quantification. 

To analyze the array with a single-stranded (ss)DNA probe, the 64-mer minus strand of the 
dsDNA probe was labeled at the 5'-end by T4 polynucleotide kinase in the presence of y.[»P]ATP. 
Other conditions were exactly the same as those for the dsDNA probe. 



> Results 



The results shown in Figure 2A indicate that, after washing with 500 mM salt 
phosphorated PC4 (PC4-P, addresses 6c/d), an inactive form of a previously described 
transcriptional coactivator (Ge Proc . NatL Acad ScL m I2fl>1 ■ ^ ^ ^ 
from HeLa cells had the highest affinity for the tested dsDNA probe among 48 samples (see 
quantification in Table 2). PC4-P had 3- to 5-fold higher affinity for dsDNA compared to other PC4 
denvatives, including wild-type PC4 (addresses 9a/b). In contrast, a single amino acid change at 
pos.t.on 77 (Phe-.Pro) complete.y abolished the dsDNA binding ability of PC4 (addresses 8c/d). 
These results are in agreement with the observations reported recently using gel mobility shift assays 
that phosphorylated PC4 bound bubble DNA with higher affinity and the region around position 77 
was critical for the 
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P«wd to other DNA«bindmgproieins. This result is consistenl with ih« 
obaetvanon fc. ^ ^ ► the 

DNA was barelv deteetahio u miy 01 1 BP ,0 TAT A box-containing 

as barely detectable. However, „ can be significantly enhanced by the presence of ano.h 
transcnptton factor, TFIIA (Orphanides era/., Genes Dev l0 2657 2683 .99^7 
however, many other general r„on < '0.2657-2683, 1996). On the other hand, 

signals than TCP ^"quence-spectfic) DNA-bi„din g proteins had much stronger 

proteins tested (see quantification in T a w„ , • • A-bmdmg 
quantincation in Table 2), indicating that ASF/SF2 is also a DNA hi** 

ZTZ m ''^ ra0fPro ' ei "- SSDNA «™-^i'».o*...fpro,e,, 
an^ssDNA l0nS ' SU ^* S '' n ^ mos ' DMA-binding proteins are capable of binding both dsDNA 



Examples: Interaction with a RNA probe. 

20 Methods and Materiaic 

An SV40 ear,y pre -mRNA was synthesized ,„ vitro from the p.asmid P SVi66 by SP6 RNA 

po.yme raS easpreviouslydescribed(Gee /fl /.,A/ 0 ,Ce//, 75.-759 ,998. I ' 66bySP6RNA 
out at 4° r fnr ^ n u • . 759, 1998). Interaction was carried 

C for >,2 hours ,n the presence of 20 mM HEPES Na pH 7.9, 5% g, yC e ro , , 0 m M 2 
mercaptoethanol, 0.2 mM EDTA Na p H 8 0 60 mM KC. 2 mM M r n < 
- -A and -5 ng.m, ",,abe,ed SV40 ear.y pre mRNA The al "*»' BSA ' » 

Results 

This protein array system was also used successful^ r« ,„,i 
50 n m h» . successfully to analyze interactions with an RNA 

by ~ b .so „ „ vivo apparent* dooro^ fc ^ „ PC4 f „ „ ^ 

ssDNA probes (addresses 6c/d in Fin 2A and Bl 0,™,, • 
» *= RNA-binding aor„i. of Ki 2 ' " *" ^^-binding activity, 

tadd . a etgntficamly ,fr me d by the nun,,™ at p,,^ „ 

F* -Q. bo, d,d no, s.gntfieont,, bind either fc dsDNA orssDNA probe in te „say ,add,es ses Oc- 
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h 'n Fig2A and B). Finally Pr Ac , 

M^hod^andJVlate^ 
Results 

Table 2 
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9g/h 
IQa/b 
lOc/d 
IQe/f 
lOg/h 



PC4-m3/bacteria 
PC4-m4/bacteria 
PC4-m5/bacteria 
PC4-m6/bacteria 
PC4-m7/bacteria 
PC4-wt/bacteria 
p5^acteria » " 
p75/bacteria * "~ ~ 
p75-C/bacteria « 
p300-C/baculovirus 
PCAF/baculovirus h 
PCAF-C/baculovirus h 
TAF250/baculovirus 1 



_0_ 
4.6 
2.5 
5.3 
1.7 



11 
11.6 
2.4 
8.4 
1.1 



0.7 
11.3 
14.5 
8 

0.6 



54.6 
66.2 
14.5 
98.5 
74.3 
10.9 



PC4 (R27A/K281/K29A) 
PC4 (R47N/K531/R59A) 



transcriptional coactivator (wild type) 
transcriptional coactivator 
transcriptional coactivator 
coactivator (C-terminal 326-530) 
transcriptional coactivator (11 35-24 1 4 ) 
histone acetyl transferee ~^ 
PCAF (352-832) 



transcriptional coactivator 



42 



Topo I/baculovirus j 



1.1 



llc/d 



1 



43 



Topo 1/baculovirus ' 



lle/f 



4.7 



44 



Topo I/baculovirus k 



2.4 



lig/h 



45 



Topo I/HeLa 



1.6 



0.9 
2.1 
1.1 



12a/b 



2.3 



1.7 



ASF/SF2/bacteria « 



46 



12c/d 



SR/HeLa 1 



13.5 



47 



12e/f 



GST-Nu/bacteria m 



48 



12g/h GST-^acteria 



33.5 



0.7 
89 



55 



80 



100 



100 

2.8 



0.4 
0.4 



3.3 
1.5 



12.4 



12.6 



DNA unwinding/transcription 



Topo 1 (Y723F) 



76.5 



Topo 1 (wild type) 



40.4 



native Topo 1 0 



9.7 



8.3 



1.8 



splicing factor (SR protein) 



splicing factors (SR familyT 



pre-rRNA processing factor (nucleolin) 



negative control 



a Gee/a/„ Methods Enzymoi, 274, 57-71, 1996 
b Chiang et al., EMBOJ., 12, 2749-2762. 1993 

< Kershnar et al.,J. Biol. Chem., 1 8, 34444-34453 1998 
c l.uoetal..Celt,7\ r 231-241, 1992 

< Jackson and Tjian. Proc. Natl. Acad Set. USA, 86. 1781-1785 1989 
Ge et a!.. Proc. Natl. Acad. Set. USA. 91, 12691-12695 1994 ' 

• Gc et at. . Mot. Cell, 2. 75 1 -759. 1 998 

h Ogryzko eta!.. Cell 87, 953-959. 1996 

• Mizzcn et aL Cell, 87. 1261-1270. 1996 

1 Wang and Rocdcr. Mot. Cell. 1. 749-757. 1998 

k Pourquier etat.. J. Biol. Chem.. 272. 26441-26447 1997 

1 Zahlcr et al. . Genes Dev. , 6. 837-847, 1 992 

m Valdez et al. Mot. Immunol.. 32. 1207-1213 1995 

• SlNttSX?H SPeCif,ed Pr0be W ^ 0 " ,hC "* — » « h « si g „a. for each probe. 

The number, position (address), name/source (and related reference), affinities for each probe 
and known function for each of the 48 target polypeptides are indicated. The highest affinities of the 
mdividualized proteins for each probe molecule [GST-nucleolin for P 52 (addresses 12e/f), PC4-P for 
the dsDNA (addresses 6c/d), SR for the ssDNA (addresses 12c/d) and PC4-m4 for the RNA 
(addresses 8a/b)] where normalized to 1 00 and are indicated in bold. 

Example 7: Kits 



UPAs as disclosed herein can be supplied in the form of a kit for use in molecule binding 
analyses. In such a kit, at lest one polypeptide array is provided. The kit will also include 
instructions, usually written instructions, to assist the user in probing the array. Such instructions can 
optionally be provided on a computer readable medium. 

Kits may additionally include one or more buffers for use during assay of the provided 
array. For instance, such buffers may include a low stringency, a high stringency wash, and/or a 
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"ripping solution These buff 

*. buffers can be ~ ** " ""H* 
Certain kits may also Drnviri* 

UPAs ^"^^W***.^,, 
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We claim: 



I • A protein interaction assay comprising: 

contacting an array of substantially pure target polypeptide molecules stably 
associated with a surface of a solid support with a detectab.e probe molecule under conditions 
sufficient to produce binding; and 

detecting the binding. 

2. The assay of Cain, ,, further comprising remo vi„g unbound probe molecule prior 
to detecting the binding. H 

3. The assay of claim I, wherein the detectable probe molecule comprises a sing.e- 
stranded nucleic acid, a double-stranded nucleic acid, a protein, or a ligand. 

for detection ^ ^ daim ' ' ^ *' deteC,ab ' e ^ m °' eCUle C ° mpriSCS * tag USeful 

The assay of Cairn 4, wherein the tag is fluorescent, luminescent, or immunogenic 
The assay of claim 1, wherein the array comprises a microaxray. 

7. ^assayofclaiml.whereinthepolypeptidesareassociatedwithmesupportat 
discrete addresses. 



5. 
6. 



8. 



The assay of claim 7, wherein each address contains only one substantially pure 
target polypeptide. 

9- The assay of claim 1, wherein the binding detected is a binding pattern. 

10. An assay to determine polypeptide-binding of a probe molecule, comprising: 

(a) preparing a labeled sample of the probe molecule; 

(b) contacting the labeled sample with an array of substantially pure target 
polypeptides stably associated with the surface of a solid support under conditions sufficient to 
produce binding; 

(0 separating unbound labeled probe from the array to produce a probed array; and 
(d) detecting the binding. 

11. The assay of claim ,0, further comprising contacting the probed array with at least 
one addmonal member of a signal producing system. 

12. The assay of claim I ,, wherein the contacting the probed array with at least one 
add,t,onal member of a signal producing system is prior to detecting the binding. 

1 3. A universal protein array, comprising 

a plurality of substantially pure target polypeptide samples provided on a solid 

support, 

wherein the samples are immobilized on the solid support in an addressable pattern. 
"4. The array of claim 13, wherein each address contains only one substantially pure 
target polypeptide. 
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• The array of claim 13, wherein the addresses are arranged in rows and columns 

• Bearrayofclaim ,3, wherein the array is arranged in a computer readab.e format 

• Thearrayofclaim 13, comprising at least IOdifferentpolypeptidesamp.es 
■ The array of claim ,3, comprising at least 30 different polypeptide samples 

• The array of Cairn ,3, comprising at least ,00 different polypeptide samples 
20. The array of claim 13, wherein the array comprises a microarray 

21- The array of claim 13. wherein the solid support comprises glass, nitrocellulose 
po.yviny.idenefluoride.nylon.fiber.orcombinationsthereof. 

22. The array of claim ,3, wherein the polypeptides comprises transcriptional factors 
transcnpnonal activators, or transcriptional coactivators. 

23. The array of claim 22, wherein the polypeptides comprise TF11A TFIIB TBP 

Z ' T; G4 ' IE< G4 - Tat - PC4 - P> pc4 - c - pc - ■ • — ■ ' 

TAF250, Topo I (wt), Topo . (m,), Topo . (wt)*, Topo 1 (nati), ASF, SR, GST-Nu, or GST-K 

24. A k.t for determining polypeptide-binding of a probe molecule, comprising 
a polypeptide array; and 

instructions. 

25. The kit ofclaim 24, wherein the instructions include directions for exposingthe 
,obe^ 

he prob molecules capable ofbinding to one or more ofthe polypeptides ofthe support to detect 
b.olog,c, factions between the probe molecule and the one or more polypeptides 

26- The ki, ofclaim 24. wherein the polypeptide array comprises a microarray. 

27. The kit of claim 24, further comprising a buffer. 

28. The kit ofclaim 24, wherein the polypeptide array comprises a plurality of 
substantially pure polypeptide samples. 



29. 
30. 



The kit ofclaim 24, further comprising a probe molecule standard. 



30- The kit ofclaim 29, wherein the probe molecule standard comprises a label 

31- The kit ofclaim 28, wherein the substantially pure polypeptides comprise 
transitional facton, transcriptional activators, or transcriptional coactivators. 

frarn 31 Ue k " ° f Claim 31 ' wherein the Prides comprise TFI1A, TFIIB, TBP 

P 4 m3 PC? T K G4 ' ,E ' ^ PC4 " P ' PC4 - N ' PC4 - C " PC4 - AS ' PC4 - ' ' ^ 
TAF250, Topo I (wt), Topo I (mt), Topo I (wt)', Topo I (nati), ASF, SR, GST-Nu, or GST-K. 
33. A method of analysis of protein-molecule interactions, comprising: 
obtaining a plurality of different substantially pure protein specimens; 
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-35- 

placing a sample of each specimen in a discrete addressable location on a recipient 



34. 
35. 



probing the array with a detectable probe molecule. 
The method of claim 33, wherein the array comprises a microarray. 
The method of claim 33, wherein the probe molecule comprises a nucleic acid, a 
polypeptide, a ligand, a fragment thereof, or mixtures thereof. 

36. A method of analyzing a plurality of binding characteristics of an array of 
polypeptide samples, comprising: 

(a) providing a protein array comprising a plurality of different polypeptide 

samples; 

(b) exposing the protein array to a first probe that may interact with the samples of 
the universal protein array to identify those samples to which the first probe binds; 

(c) detecting a first binding pattern of the first probe; 

(d) repeating (b) through (c) with a second probe to identify samples to which the 
second probe binds. 

37. The method of claim 36, further comprising stripping bound first probe from the 
array prior to exposing the array to the second probe. 

38. The method of claim 36, wherein the protein array comprises ' 

a plurality of substantially pure target polypeptide samples; and 
a solid support, 

wherein the samples are immobilized on the solid support in an addressable pattern. 

39. The method of claim 36, wherein the first probe and the second probe are selected 
from different classes of molecules. 

40. The method of claim 36, wherein the protein array comprises a microarray. 

41. The assay of claims 1 or 1 0, wherein detection is automated. 

42. The method of claim 36, wherein detection is automated. 
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17. The array of Claim 1 , wherein the organic thinfilm on the array comprises i 
monolayer. 

18. The array of Claim 17, wherein the monolayer comprises a self-assembled 
monolayer comprising molecules of the formula 

(X) a R(Y) b 

wherein R is a spacer, X is a functional group that binds R to the surface, Y is a 
functional group for binding the protein-capture agent onto the monolayer, and a 
and b are, independently, integers. 

1 9. The array of Claim 1 8, wherein both a and b are equal to 1 . 

20. The array of Claim 18, wherein: 

said substrate is selected from the group consisting of silicon, silicon 

dioxide, indium tin oxide, alumina, glass, and titania; and 

X, prior to incorporation into said monolayer, is selected from the group 

consisting of a monohalosilane, dihalosilane, trihalosilane, trichlorosilane, 

trialkoxysilane, dialkoxysilane, monoalkoxysilane, carboxylic acid, and 

phosphate. 

21. The array of Claim 1 8, wherein the substrate comprises silicon and X is an 
olefin. 

22. The array of Claim 1 , wherein the substrate comprises a polymer. 

23 The array of Claim 18, further comprising at least one coating between the 
substrate and the monolayer, wherein said coating is formed on the substrate or 
applied to the substrate. 
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24. The array of Claim 23, wherein: 

the coating is a noble metal film; and 
X, prior to incorporation into said monolayer, is a functional group selected from 
the group consisting of an asymmetrical or symmetrical disulfide, sulfide, 
diselenide, selenide, thiol, isonitrile, selenol, trivalent phosphorus compounds, 
isothiocyanate, isocyanate, xanthanate, thiocarbamate, phosphines, amines, thio 
acid and dithio acid. 

25. The array of Claim 23, wherein the coating is titania or tantalum oxide and 
X is a phosphate group. 

26. The array of Claim 1, wherein each protein-capture agent has been 
immobilized onto the organic thinfilm by an affinity tag. 

27. An array of bound proteins, comprising: 

(a) the array of Claim 1 ; and 

(b) a plurality of different proteins which are expression 
products, or fragments thereof, of a cell or a population of cells in 
an organism, wherein each of said different proteins is bound to a 
protein-capture agent on a separate patch of the array. 

28. A diagnostic device comprising the array of Claim 1. 

29. A method of assaying in parallel for a plurality of different proteins in a 
sample which are expression products, or fragments thereof, of a cell or a 
population of cells in an organism, comprising: 

(a) delivering the sample to an array of spatially distinct patches of 
different protein-capture agents under conditions suitable for protein binding, 
wherein each of the proteins being assayed is a binding partner of the protein- 
capture agent of at least one patch on the array; and 



